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Siphonaria funiculata REEVE (SIPHONARIIDAE, 
PULMONATA): A REDESCRIPTION MAKING S. virgulata 
HEDLEY A GEOGRAPHICAL VARIANT OF S. funiculata. 

B.W. Jenkins 
407 Bronte Road, Bronte, N.S.W. 2024 

SUMMARY 

Based upon the examination of anatomical features and shell morphology 
Siphonaria funiculata Reeve, 1856 and S. virgulata Hedley, 1915 from 
southeastern Australia are considered to be synonymous, the former having 
systematic priority. Characters previously considered of specific value, 
particularly shell and radular, are shown to be widely variable. Investigation of 
geographical shell variation indicates that the nominal species S. virgulata is a 
clinal variant of S. funiculata at the northern end of its geographical range. 

~ 

INTRODUCTION 

The patelliform shell of the Siphonariidae shows wide specific and geographical 
variation (Hanley, 1858; Angas, 1867; Hubendick, 1950, 1954; Marcus and Marcus, 1960). 
The non recognition of such variability coupled with incomplete descriptions (i.e. no 
anatomical features), based upon features of worn shells or insufficient material, has 
resulted in a confused literature confounded with misidentifications and 
misinterpretations of existing descriptions. 

As part of a revision of Australian Siphonariidae, redescriptions of S. funiculata and the 
nominal species S. virgulata are presented and their synonymy proposed, based upon 
examination of type specimens and anatomical features. 

Characteristic forms of these synonyms are designated in this paper as geographical 
variants of S. funiculata (which has systematic priority), and subsequently refered to asthe 
typical S. funiculata and the nominal S. virgulata forms to distinguish them from the 
redescribed specific form. 

S. funiculata belongs to the subgenus Liriola Dall, 1870 and “section Pachysiphonaria” 
Hubendick, 1945. 

MATERIALS AND METHODS 

All of the material examined, except where noted, is in the collections of The Australian 
Museum (A.M.) 

The buccal mass, reproductive system and spermatophore were dissected from several 
specimens preserved in 5% neutralized formalin. The radula was removed by macerating 
the buccal mass in concentrated KOH for 24 hours. After being thoroughly washed with 
distilled water the ribbon was stored in 7096 alcohol. Radulae and spermatophores were 
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either slide mounted and examined and counted through a compound microscope or 
affixed to a microscope-slide slip fragment, mounted on a stub, coated with gold and 
examined under a scanning electron microscope (SEM). In most sample lots the anatomy 
and shell of several specimens were examined to determine variation. The radial shell ribs 

on a line 11cm in diameter from the shell apex were measured and counted. Measurements 

of shell length, width and height using a caliper, were recorded from 30 specimens of the 

typical S. funiculata and the nominal S. virgulata forms throughout their respective 

distributions. In all similar rib counts and shell measurements were recorded for each of 15 

shells of mixed populations from six geographical regions (i.e. N.NSW., Syd. NSW., E. Vic., 

Westernport Vic., W.Vic and Tas.). The means, ranges and standard deviations were 

calculated for these rib counts, single shape dimensions (i.e. length, width, height and rib 

width) and quotient ratios of length:width, length:height, width:height and 

length:width:height. Single shape dimensions and ratios were used as measures of specific 

and geographical shell variation. The use of ratios in comparisons reduced the bias of 

sample age and/or locality exposure variation existing within single shape variables. The 

specific data were subjected to a single classification two tailed analysis of variance for the 

parametric single shape variables and a Wilcoxon Test for the non-parametric ratio 

variables (Sokal and Rohlf, 1969, p. 400). Geographical data were subjected to a Kruskal- 

Wallis test of variance (Sokal and Rohlf, 1969, p. 388) and where significant geographical 

variation existed a multiple comparison test of the means (Sokal and Rohlf, 1969, p. 396) 

indicated an ordered relationship between geographical populations. Critical values are 

from tables in Rohlf and Sokal (1969). 

TAXONOMY 

Siphonaria funiculata Reeve, 1856 
TYPES: Holotype, British Museum (Natural History) (B. M.N.H.) 
M.C. 197927. Paratypes (3) B. M.N.H. M.C. 197927 
TYPE REFERENCE: Conchologia Iconica IX Siphonaria, pl. 2, fig. 6 
TYPE LOCALITY: Tasmania. 

DIMENSIONS length mm width mm height mm 

Holotype 24.3 17.9 13.9 (pl. 1b,c). 

Paratypes 25.7 20.2 1123 

21.9 16.5 8.9 

19.7 15.7 7.2 

figured specimen from Reeve's description 26.1 18.2 = 

large specimen A.M. Coll. 33.9 24.3 15.9 

small specimen A.M. Coll 2.5 1.7 0.9 

REMARKS 

Hubendick (1946) includes several incorrect bibliographic synonyms for S. funiculata; 5. 

lirata Reeve, 1856, is not a “clerical error" but a synonomyous species described without 

locality data, by Reeve, 1856, mislabelled as S. funiculata and corrected in an errata note in 

the same volume (overlooked by most authors); S. laeviuscula (= funiculata in Hutton, 

1878) which, as stated by Hutton (1878), has doubtful locality data, (S. laeviuscula Sowerby, 

1835 is a South American species absent from the western Pacific, in particular New 

Zealand where Hutton's material is claimed to have been collected); S. zonata T. Woods, 

1879b, in Tate and May (1901, not 1902 as in Hubendick, 1946) is a misidentification and 

compared with T. Woods’ (1879b) description, a synonym of S. tasmanica T. Woods, 1876 . 

T. Woods (1879a) states that S. funiculata is a pale variety of S. diemanensis (sic) Quoy and 

Gaimard, 1833 (= S. diemenensis) suggesting both are variants of S. denticulata Quoyand 

Gaimard, 1833) 

- Siphonaria blainvillei Hanley, 1858 

TYPE: Holotype B.M.N.H. 1907. 10.28.90 (pl. 1a). 
TYPE REFERENCE: Proc. Zool. Soc. Lond. 26: 151-153. 
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TYPE LOCALITY: Unknown. 

DIMENSIONS length mm width mm height mm 
Holotype 22.6 18.1 13.2 

REMARKS 
The description of this nominal species was based upon a single worn shell specimen. 

Examination of the holotype indicates it is a tall, broadly ribbed specimen of 5. funiculata 
(also observed by Hedley (1915)). This nominal species was synonymized with S. funiculata 
by Hubendick (1946). 

= Siphonaria virgulata Hedley, 1915 

TYPES: Holotype A.M. C.39858, Paratypes (20) A.M. C.39858 

TYPE REFERENCE: Proc. Linn. Soc. NSW. 39: (4) 751, pl. 85, figs 96-8. 
TYPE LOCALITY: Terrigal, near Gosford; Sydney: Twofold Bay, NSW. C. Hedley Coll. 

(labels with types only record Terrigal, NSW; original description states 3 
type localities). 

DIMENSIONS: length mm — width mm height mm 

Holotype 12.9 10.4 3.9 
Paratypes (20) 

x 10.5 (sd = 2.5) 8.3 (54 = 2.2) 3.6 (sd = 1.0) 
large paratype 16.5 14.3 6.2 

small paratype 7.7 5.8 2.6 

measurements from Hedley's description 21.0 19.0 9.0 
large specimen A.M. Coll 23.0 18.9 11.7 

small specimen A.M. Coll 2.3 1.1 0.3 

DESCRIPTION 

Distribution and habitat. 

S. funiculata is confined to eastern Australia ranging from Tas. (latitude 43°40’S) and 
Apollo Bay, western Vic. (38946'S, 143?40'E) (not west of Cape Otway, Vic. (Bennett and 

Pope, 1953)) to Burnett Heads, near Bundaberg, Qld. (24°45’S, 152°25’E) (fig. 1). 

Relative to the biogeographical provinces described by Bennett and Pope (1953) this 
species is termed cool temperate (Maugean) to tropical (Solanderian). S. funiculata 
commonly occurs on exposed rocky shores in the mid and upper littoral zones often on 
dry bare rock (Creese, 1980). Associated zone forming indicator organisms include the 
barnacles Catophragmus polymerus Darw. (NSW.-Tas.) and Tesseropora rosea (Krauss) 
(Qld.-NSW.), and the mussel Brachyodontes rostratus (Dunk.) (NSW.-Tas.) in the upper 
littoral zone and the serpulid worm Galeolaria caespitosa (Savigny) (Qld.-Tas.) in the mid 
littoral zone. 

The two shell forms characterized by the typical S. funiculata and the nominal 5. 
virgulata forms, have southern and northern distributions respectively, merging to a 

transition shell form (described in geographical variation below) between Mallacoota 
(37°35’S, 159°45’E,) and Lakes Entrance (37°45’S, 147°58’E), eastern Vic. The isolated 
occurrence of the northern virgulata shell form in Western Port, Vic. is attributed to 
southwardly dispersed larvae penetrating cool currents and finding the shallow, warm bay 
water, a physiologically suitable environment for adult development. Both Hedley (1915) 
and Iredale (1924) suggest this form is the northern biogeographical equivalent of the 
southern shell form, the typical S. funiculata. 

External features of the animal (preserved specimens). 

The foot side tissue and visceral mass are grey to brown with a pale to cream foot sole. 
The dark, smooth tissue of the side of the foot has white internal (subepithelial) spots, 
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Figure 1. The distribution of S. funiculata and dispersal of population samples (hatched 
areas) used to determine nature of geographical shell variation. 

corresponding to unicellular mucous glands, described by Marcus and Marcus (1960), 
fairly evenly distributed around the foot, but becoming more vivid and dense close to the 
foot sole. The head is inconspicuous. Two small, black, epithelial “eye” spots are 
centralized on two, thick centrally touching cephalic folds, that extend anteriorly in front 
of the mouth. These folds have numerous, clustered, white mucous cells similar to those of 
the foot side tissue, but smaller. Between the mantle and the side of the foot, covering the 
pneumostome, is a pale anal lobe, extending to the shell lip between the anterior and 
posterior adductor muscles. The mantle (often folded in preserved specimens) is loose, 
covering the adductor muscle. It is coloured with a cream to white fringing band and inner 
alternating brown and white patches (corresponding to mantle pigment cells) aligned with 
the shell lip colouration. The genital pore is indistinct. The animal’s external features have 
not been previously described. Mucous glands and pigment cells are similar in size and 
dispersal to other Australian Siphonaria. Several animals collected from Warden Head, 
Ulladulla, NSW. are a tissue colour variation, being uniformly red brown, matching their 
internal shell colour. 
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a lateral view apex 

adapical 

anterior posterior 

growth striae outer lip 

b dorsal view anterior 

fa pneumostomal region 
A (siphonal groove below) 

interstice radial ribs 

C ventral view anterior 

adductor 

muscle scars 

adaperatural <— — abaperatural 

siphonal groove marginal lip 

Figure 2. Schematic representation of shell morphology terminology. 

Shell (figs 2a, b, c; pls. 1b-1, 2a-k). 

The shell morphology of S. funiculata is widely variable, a feature common to other 
Siphonaria species (Reeve, 1856; Hanley, 1858; Angas, 1867; T. Woods, 1879a; Hubendick, 
1946, 1950, 1954). 

The shell is patelliform, thin, ovate and assymetrical with a subcentral apex offset 
posteriorly and adaperaturally (fig. 2b). Exterior sculpture is finely costate with irregularly 
spaced radial ribs and growth striae both of which are adapically discontinuous. The 
ribbing is flat and broad with rib widths ranging from 0.39 to 1.89mm (sd =, X = 0.82, n - 30). 
The white axial ribs, often bistriate with chocolate interstices, narrow and curve adapically. 
The number of ribs ranges from 28 to 94 (sd “ 10.5, x 263, n - 60). The apical sides are weekly 
convex (fig 2a). The apex is often eroded creating a white spot. The siphonal groove is 
weakly visible with fine, clustered, brown radial striae above a slight fold in the marginal 
lip. The interior is polished and purplish brown with a white to blue spatula (colouration 
extends into the shallow siphonal groove) fading to a chocolate brown zone above the 
brown adductor muscle impression and tan margin. The marginal lip is shallowly scalloped 
with alternating chocolate brown and white radial markings, restricted to the lip margin 
and reflecting the exterior ribbing. The adductor muscle impression is “C” shaped with a 
thin, lightly convex, anterior attachment area and a bare siphonal groove flanked by 
broad, ovate muscle impressions (fig. 2c). Juvenile specimens have fine radial ribs, a dark 
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: Plate 1. 
S. funiculata, the anterior of dorsal and ventral vievvs is alignedvvith the top ofthe page, a. 
nominal species. S. blainvillei, holotype. adaperatural lateral view l-22.6mm, h=13.2mm; b. 
and c. S. funiculata, holotype, adaperatural lateral and dorsal views, |=24.3mm, h=13.9mm; 
d. typical S. funiculata form, Ocean Beach, Vic., dorsal views, l-20mm; e. and f. Apollo Bay, 
Vic., ventral and dorsal views, l-19mm, g. Port Sorell, Tas., abaperatural lateral views, 
I-23mm, h212.7mm; h. and i. Port Arthur, Tas., dorsal an ventral views, l-222mm, w=17mm; j. 
and k. Ocean Beach, Vic., dorsal and adaperatural lateral views, l-220mm, h=9mm; I. Lorne, 
Vic., ventral views, I-20mm, w=16mm. 
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Plate 2. 

S. funiculata. Nominal species S. virgulata form; except for lateral views and k, shell 
anterior is aligned with the top of the page; a. McMasters Beach, NSW., dorsal view, 
l-19mm, b. and c. The Caves Beach, S. of Swansea, NSW., dorsal and ventral views, 
characteristic virgulata form, l-18mm; d., e. and f. Lakes Entrance, Vic., abaperatural 
lateral, ventral and dorsal views, lE21mm, h=7mm; g. and h., Point Lookout, Stradbroke Is., 
Qld., abaperatural lateral and dorsal views, l-18mm, h=7mm; i., j. and k. Western Port, Vic., 
adaperatural lateral, dorsal and ventral views, l=24mm, h=10mm. 
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brown interior and exterior (often obvious around the apex of adult specimens), with a 
white spatula. 

Reproductive system. 

This system in Siphonaria is a complex hermaphroditic system. Apart from slight 
variations between individuals, the size, shape and colour of reproductive organs are the 
same (fig. 3a). 

Figure 3. Reproductive organs and spermatophore of S. funiculata and S. tasmanica. 
a. Typical S. funiculata form, Red Bluff, Lakes Entrance, Vic. lengths — shell 14mm, animal 

(preserved) 10mm. 
b. Nominal species S. virgulata, Warden Head, Ulladulla, NSW. lengths — shell 22mm, 

animal (preserved) 16mm. r 
c. S. tasmanica, Port Campbell, Vic: lengths — shell 10mm, animal (preserved) 7mm. 
d. Longitudinal section of accessory organ. 
e. Transverse section of accessory organ. 
f. Spermatophore. 

ag — albumen gland, ao — accessory organ, cd — common duct, ed — epiphallus duct, eg 
— epiphallus gland, ga — genital atrium, gp — genital pore, hd — hermaphrodite duct, hg 
— hermaphrodite gland, 1 — lumen, mt — muscle tissue (connective), s — spermatheca, 
sd — spermathecal duct, sv — seminal vessicle. 



Siphonaria funiculata 9 

The tough white epiphallus gland and duct and accessory organ fill the region between 
the anterior adductor muscle and the buccal mass. Both the epiphallus gland and ductare 
smoothly ovate possessing thick fibrous layers of muscle tissue enclosing a penial complex. 
The ductis larger than the gland and often elongated. Figures 3c, d show cross sections of 
the accessory organ with a folded lumen. No flagellum occurs on the epiphallus gland. The 
genital atrium opens directly from a protuberance on the accessory organ to an exterior 
adapertural pore below the mantle on the side of the foot, anterior to the pneumostome. 
The hermaphrodite gland (ovotestis) is situated below the mantle cavity in a posterior 
adaperatural position over the foot muscle tissue. This gland, usually yellow and 
granulated, is linked by a thin tube to the pinkish white, lobed and coiled hermaphrodite 
duct, which in turn passes to the common duct. The seminal vesicle is partly lobed, 
uncoiled, pink to white and connected via a thin tube, alongside the albumen gland, to the 
common duct. The albumen glandis yellow to white, folded and lobed, closely attached to 
the seminal vesicle and hermaphrodite duct and surrounds the common duct with 
decreasing thickness to the accessory organ. The ovate, brown, patterned spermatheca 
(bursa copulatrix) is situated close to the epiphallus duct. The spermatheca tissue joining 
with the spermathecal duct can be expanded and stretched or collapsed and wrinkled. The 
sac tissue is thin, enclosing a granulated, brown gelatinous mass (no spermatophore 
present). The spermathecal and common ducts enter the genital atrium very close 
together and close to the genital pore. The common duct is ventral to the spermathecal 
duct. The junction of these ducts exists close to the accessory organ and is enclosed in 
anterior adductor muscle tissue. On the basis of the closeness of the duct joint, smallness 
of the genital atrium and greatly swollen epiphallus duct, Hubendick (1946) assigned S. 
funiculata to the “section Pachysiophonaria”. : 

The spermatophore body is bulbous with a smooth, chitinous, transparent to 
translucent test. The head is bluntly pointed with a slight twist anteriorly. The pointed tail is 
shorter than half the spermatophore length (fig. 3e). Previous outlines of the 
reproductive system (Hubendick, 1945, 1946, 1954) and spermatophore (Hubendick, 1954) 
although incomplete (e.g. seminal vesicle and albumen gland not indicated), agree with 
the above descriptions. 

Radula (pl. 3a-h) 

The radula has a central tooth with an individually variable number of inner, mid and 
outer lateral teeth in longitudinal rows. The mean dentition formula is 43.1.43 (n = 17, sd = 
7.9) with around 120 transverse rows (sd = 14.9). These rows are parallel and slightly curved 
(anteriorly convex; pl. 3c, g). 

Hubendick (1954) provides the only comparative formulae indicating S. funiculata has 
about 44.1.44 teeth. Hubendick's values, based upon a small sample size, are explained as 
variations well within presented limits. 

Of the 43 half row laterals, 7 (sd = 4.2) are inner, 17 (sd 2 7.6) mid and 18 (sd = 3.1) outer 
lateral teeth means respectively. The total number of lateral teeth is related to the length of 
the shell (max. 54.1.54, shell length 22.0mm; -43.1.43, shell length 18.1mm; min. 34.1.34, 
shell length 15.1mm). However, the numbers of inner, mid and outer lateral teeth vary 
independently of animal dimensions and distributions. All teeth are bluntly concave 
posteriorly. The central tooth is narrow and weakly bicuspidate (often-pointed) with a 
lower profile than the flanking laterals (pl. За). The base is broad with an anterior cleft anda 
posterior notched point providing interlocking articulation with adjacent central teeth. 
Mid and inner lateral teeth interlock with posteriorly and anteriorly aligned laterals. Outer 
laterals do not interlock between transverse rows. The space between rows increases to 
the ribbon edges associated with a gradual decrease in tooth size (pl. 3c, g). The space 
varies between individuals (pl. 3d, h) and posterior and anterior areas of the ribbon. Plate 
3g shows the varying spacing of transverse rows close to the ribbon edge. All lateral teeth 
are broad based and bicuspidate on the mesocone with a longer inner cusp. Outer lateral 
mesocones are often multicuspidate. Increasing side denticle numbers, less elongated 
shape and increasingly stunted mesocones are transverse row features less accentuated 
from the central to the outer lateral teeth. Inner lateral teeth are elongated without 
flanking ento or ectocones (inner and outer side denticles respectively). The more 
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Plate 3. 

Scanning electron micrographs of S. funiculata radulae: 
Typical S. funiculata form, Red Bluff, near Lake Tyers, Vic., A.M. SEM stub 1005; a (x 500), b 
(x 1500) central and mid lateral teeth; c (x 500) outer and mid lateral teeth; d (x 1500) outer 

lateral teeth. 
Nominal species S. virgulata, Tathra Point, Tathra, NSW., A.M. SEM stub 1004; e (x 500), f (x 

1500) central and and mid lateral teeth; g (x 500), h (1500) outer lateral teeth. 

C — cusp, cr — central tooth, ec — ectocone, en — entocone, m — mesocone, ml — mid 

lateral tooth, ol — outer lateral tooth. 
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numerous outer lateral teeth have both and ecto and entocone while the mid laterals 
possess only an ectocone. The angle of separation from the mesocone of these side 
denticles is widely variable. Both side cones curve either towards or away from the 
mesocone (pl. 3g, h). The length and width of the separation cleft is also widely variable, 
both generally increase towards the ribbon edge (pl. 3c, d mid half ribbon area, pl, 3g, h 
ribbon edge). Aberrant outer lateral teeth are often present on both sides of the ribbon 
appearing as fused teeth with double mesocones. Not all individuals have the inner lateral 
teeth, most have increased numbers of mid laterals. The number is independent of the 
number of lateral teeth, for example, of two radulae with 54 half row laterals, one had no 
inner laterals while the other had 18. The same variability was noted for radulae with fewer 
numbers of lateral teeth. Inner laterals do not possess ento or ectocones. 

Wet material (i.e. preserved in formalin) examined. 

NSW.; Kilcare Beach, near Bouddi State Park (2); Syd.; Shelly Beach, near Manly (1); N. 
point of Tamarama Beach (8); Jobbon Head, S. side of Port Hacking (15*) Warden Head, 
Ulladulla (4); Mullimburra Point, Eurobodalla Shire (2); Tathra Point, Tathra (3); Vic.; Red 
Bluff, near Lake Tyers (4); Tas; Tasman Arch, S. end Eaglehawk Neck (4); total (43). 

Dry material examined. 

Qld.; Burnett Heads (6); Point Lookout, Stradbroke Is., Moreton Bay (7); NSW.; Ballina 
(1); Woody Head, Iluka (4); Clarence River (8); Minnie Water, S. of Clarence River (1); 
Yamba (1); Wooli (1); Woolgoolga (9); Port Macquarie (9); Hallidays Point, N. of Forster 
(4); The Caves Beach, S. of Swansea (3); Toowoon, near The Entrance (15+); Catherine Hill 
Bay (2); Austinmer (5); McMasters Beach, N. of Broken Bay (5); Syd.; Palm Beach (3); Long 
Reef (7); Collaroy (15+); Middle Harbour (3); Balmoral, Sydney Harbour (11); Bronte (15+); 
Little Coogee Bay, Clovelly (5); Long Bay (3); Sandon Point, S. of Syd. (1); Coledale (15+); 
Werri Beach, Gerringong (2); Sussex Inlet reef (3); Lake Burrill (15+) Broulee, S. of 
Batemans Bay (2); Kioloa Beach (3); Twofold Bay (15+); N. of Little River, Nadgee Faunal 
Reserve (3); Vic.; Bastion Point, Mallacoota (6); between Lake Tyers and Red Bluff, E. of 
Lakes Entrance (1); Lakes Entrance causeway (15+); Lakes Entrance (2); Walkerville, 
Waratah Bay (15+); Cape Paterson, Wonthaggi (1); Western Port (4); Flinders, Western Port 
(3); Fossil Beach, near Mornington, Port Phillip (2); Lorne (7); Apollo Bay (15+); Tas.; Point 
Sorell (5); Coles Bay (1); Pirates Bay, Eaglehawk Neck (1); Port Arthur (8); beach, 7kmS. of 
Swansea (1); Frederick Henry Bay (3); off Nubeena, Wedge Bay (3); total (290). 

Specific variation 

The conchological and radula features used in the original descriptions to define species 
of Siphonariidae are not considered sufficient specific criteria due to their wide 
intraspecific variability (Hubendick, 1946, 1950, 1954; Marcus and Marcus, 1960). Interna! 
anatomical differences particularly in reproductive systems are specifically important. 
Such differences exhibit little intraspecific variation (Hubendick, 1945) and especially in 
reproductive systems are a basic feature of the species concept. Within the Siphonariidae, 
features of their reproductive systems, supported by gross shell form, are the criteria used 
by Hubendick (1946) and McAlpine (1952) to adequately designate generic, subgeneric 
and specific classification levels. 

Compared to other species of “Pachysiphonaria”, the typical S. funiculata and nominal 
S. virgulata are anatomically the same. The reproductive systems of each (fig 3a, b) have the 
muscular and swollen epiphallus gland and duct opening separately into the genital 
atrium and no flagellum, as is characteristic of the subgenus Liriola and 
"Pachysiophonaria". Specifically the nominal and the typical forms have identical 
spermatophore, large bulbous spermathecae, narrow spermathecal ducts and large 
epiphallus ducts. S. (Liriola) tasmanica from southern Australia, has a comparatively small 
spermatheca and epiphallus duct and gland with a long slender spermathecal duct (fig 3f). 
The common and spermathecal ducts open adjacently into the genital atrium similar to the 
typical S. funiculata and the nominal S. virgulata forms. S. (Liriola) lessoni (Blainville, 
1824), from South America, has its epiphallus duct opening externally of the spermathecal 
duct and genital pore, a short thin common duct and a small epiphallus duct and gland 



12 B.W. Jenkins 

(Hubendick, 1946). These are distinct specific differences. The position and shape of the 
mantle cavity and reproductive and digestive organs are identical in the nominal and 
typical forms and only slightly differing from their cosubgeners. 

The radulae examined exhibit similar tooth positioning and size (pl. 3a-h) with 
overlapping ranges of variation in teeth numbers and shape. This radula variation appears 
to be characteristic of the Siphonariidae in general (Hubendick, 1946). The mean dentition 
formula for the nominal species S. virgulata is 42.1.42 (n = 13, sd = 6.4) with 120 transverse 
rows (sd = 18.5). Of the 42 half row laterals 8 (sd = 4.7) are inner, 15 (sd = 7.2) are mid and 19 
(sd = 2.6) outer lateral mean teeth numbers respectively. For the typical S. funiculata form 
the dentition formula is 45.1.45 (n = 4, sd = 8.7) with 124 transverse rows (sd = 14.9). The 45 
half row laterals comprise 7 (sd = 4.0) inner, 17 (sd 27.5) mid and 18 (sd = 3.9) outer lateral 
mean teeth numbers respectively. Although sample sizes are unequal, the typical form of 
S. funiculata appears to have more teeth and a greater variation in lateral teeth numbers 
compared to the virgulata from. However, the variation between both forms is within the 
more significant intraspecific variation indicating specific similarity. 

The typical S. funiculata and nominal S. virgulata forms have the same dispersal, 
colouration and densities of white mucous and pigment cells. Their cephalic folds and 
pneumosomal lobes are similar in shape, thickness and positioning. Their mantles appear 
to be identical. These characteristics apart from colour, are considered generic rather than 
specific features. 

Ecologically both forms occur at the same intertidal level and have merging 
geographical distributions (E. Vic.). The length of the breeding seasons of the typical S. 
funiculata and the nominal S. virgulata forms are unknown, although Creese (1980) 
suggests 5-6 months (about November to April) forthe latter. This nominal speciesspawns 
by presumably ejecting from its large muscular epiphallus duct a pelagic egg mass (Creese, 
1980) from which planktotrophic? veliger larvae develop after 6 days (Creese, 1980). This 
strategy may lead to greater dispersal. Cogeners 5. denticulata and S. baconi Reeve, 1856 
both lay flat spiral benthic egg masses. Although the egg mass of the typical S. funiculata 
form is undescribed, the fact that it hasn't been found on the shore (Creese, pers. comm.) 
and that the animal has an identical reproductive system to the virgulata form (fig. 3a, b), 
indicates it is probably also pelagic. It is reasonable to assume that both forms are not 
reproductively isolated, although little is known of the typical S. funiculata form's 
breeding cycle. 

From tests of single dimension mean values the shell of the typical S. funiculata form is 
significantly longer, higher (p =0.01) and wider (p< 0.05) with fewer but wider shell ribs 
(р=0.01) than the nominal S. virgulata form (table 1). The variability within the mean 
values is similar for both forms. Large significant differences (p<0.001) occur between 
each shell form for the quotient ratio values (table 1). These results indicate the shell of the 
typical 5. funiculata form is generally bigger, particularly in height and length, and more 
variable in form. Both typical and nominal forms are however, not readily identified 
through each of these variables. Rib width and number, shell height and shell length are 
the most useful (pls. 1, 2). Such variation between the shells of anatomically identical 
animals may be either a clinal, subspecific or population variation relationship. 

GEOGRAPHICAL VARIATION 

From the preserved material examined, the external animal features, reproductive 
system and radula dentition exhibited no geographical variation. Variations in shell 
characteristics and dimensions (table 2) were considered the best indicators after 
Hubendick (1950) and Marcus and Marcus (1960). 

For all the shell variables, except shell length:width ratio, rank analysis of geographical 
shell variance indicate significant differences (table 3) exist between the 6 regions tested 
(fig. 1). Differences between the shell length:width ratio for each region are considered 
homogenic (Hs = 20.57, x? 0.05 (14) = 25.00, p 0.05). Other shell variables tested display 
heterogenic population sample variation with the greatest geographical variation 
present in shell height and width:height and length:width:height ratios (р=0.001). The 
variation in each shell variable is clinal with a continuous, unidirectional gradient with 



Siphonaria funiculata 13 

both homogenic and heterogenic differences between population samples. The number 
of ribs and the length:height ratio decreased in magnitude from Qld. to Tas. with a 
heterogenic change between Syd. and E. Vic. and around W. Vic. populations. The shell 
length, width, height and rib width all increase towards Qld. with heterogenic changes 
between N. NSW. and Syd. and in various positions between E. Vic. and Tas. samples. The 
width:height ratio decreases from either geographical extremity to a homogenic 
transitional Vic. shell form. Table 3 shows the overall change in shape and symetry 
between the taller, less ribbed, longer and wider southernly distributed typical S. 
funiculata form and the northernly distributed nominal S. virgulata form. The transitional 
shell form can possess narrow ribs and a low shell height characteristic of the virgulata 
form with the narrow, high contrast brown and white external ribbing and lip colouration 
characteristic of the typical S. funiculata form (pl. 2d, e, f). Other transitional specimens 
can have low contrast light brown ribs and intersticies (similar to pl. 2g, h). 

The widest shell variability appears at the extremities of the geographical distribution 
(i.e. N.NSW. and Tas.) with inconsistent and nonaligned geographical population changes 
between shell variables. Overall such geographical variations indicate a clinal rather than a 
continuous conspecific population or an abrupt subspecific population change. 

CONCLUSION 

For these two forms to be considered subspecific, distributions would have to be 
allopatric (i.e. mutually exclusive but adjacent). If they are reproductively isolated (i.e. 
different breeding strategies and periods and intertidal levels) and with significant 
anatomical differences then the nominal species S. virgulata and the typical 5. funiculata 
form would be valid species. As both forms are anatomically the same, not considered 
reproductively isolated and with wide shell variations and distributions merging from 
either geographical extremity of a cline, it is concluded they are sympatrically conspecific. 
S. funiculata has priority over the nominal species S. virgulata. The following 
nomenclature change is proposed. 

Siphonaria funiculata Reeve, 1856 

- blainvillei Hanley, 1858 

= virgulata Hedley, 1915 
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Table 1. Analysis of shell variation in S. funiculata. 

typical form nominal species 
Shell variable S. funiculata 5. virgulata *0.01(1,58) К significance 

single classification, two tailed anova. 

(n = 30) x sd Х sd 4 
Number of ribs 52.0 9.4 73.0 11.6 8.51 31.2 Р=0.01 

rib width mm 0.98 0.39 0.66 0.21 8.51 17.2 P<0.01 

length mm 23.30 4.45 18.81 4.43 8.51 14.9 Р=0.01 

width mm 17.72 3.28 15.19 3.93 5.310.05(1,58) 7.1 P<0.05 

height mm 10.59 2.53 6.91 2.39 8.51 24.5 P<0.01 

Wilcoxon two tailed, rank sum test. 

(non parametric) 

129(0.001) (5 

(п = 30) 
length : width 142 0.14 1.24 0.05 3.65 374 Р=0.001 
length : height 224 021 269 035 3.65 4.99 P<0.001 
width : height 17 017 216 031 3.65 5.78 Р=0.001 
length : width : height 1.33 0.36 1.97 0.86 3.65 371 P<0.001 
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Table 2. Means and standard deviations of shell variables for geographical population 
samples. 

shell variables 

rib numbers 

ribwidth mm 

length mm 

width mm 

height mm 

length : width 

length : height 

width : height 

length : width 
: height 

Table 3. 

N. NSW. Syd. NSW E. Vic. 

x 

72.6 

0.47 

14.6 

11.6 

5.7 

1.26 

2.56 

2.04 

0.25 

sd 

i5 

0.09 

3.7 

3.0 

1.8 

0.14 

0.34 

0.28 

0.08 

и. Н 

69.4 9.3 

0.68 0.21 

18.7 3.0 

15.4 2.4 

6.8 1.6 

1.22 0.1 

2.82 0.25 

2.31 0.28 

0.19 0.03 

X sd 

60.0 6.8 

0.73 0.19 

17.4 2.2 

14.3 2.0 

7,622221 

1.22 0.12 

2.47 

2.04 0.61 

0.17 0.05 

Westernport 

Vic. 

x Scl = 

53.9 18.2 48.0 

0.84 0.28 1.15 

19.9 4.0 20.0 

15.9 3.8 15.1 

9.3 28 87 

1.27 0.1 1.33 

0.68 2.19 0.26 2.32 0.12 2.08 0.18 

1:73 10223 1:725 

0.15 0.05 0.16 

VV. Vic. Tas. 

sd n 

15 

SCC: 

9.92 51.67 11.1 

0.30 0.95 0.39 

2:/40935:593:9 

2:10918:242:0 

1:5 aE ey 

0.06 1.29 0.06 

15 

15 

15 

15 

15 

15 0.14 1.61 0.15 

0.02 0.12 0.02 15 

Kruskal-Wallis rank analysis of variance and order relationships for geographical 
populations. 

shell variable 

number of ribs 

rib width 

length 

width 

height 

length : height 

length : width 

width : height 

length : width : height 

Hs(tie adj.) æ? 0.01(14) 

34.90 

25.69 

34.00 

27.76 

43.51 

32.68 

20.57 

40.54 

38.80 

30.58 

21.67 (9) 

29.14 
29.14 
29.14 
29.14 
29.14 
29.14 
29.14 
29.14 

significance 

0.01» P>0.001 

0.012 P 20.001 

0.012 P 20.001 

0.052 P>0.01 

P «0.001 

0.012 P» 0.001 

not significant 

P «0.001 

P «0.001 

multiple 
comparison test 

g OB 
$7253 2 
7395.4 ZAwssse 

1=2>3=4>5=6 
1<2=3<4=5=6 

1<2=3=4<5<6 

1<2=3=4<5<6 

1<2=3=4=5<6 

1=273=4=5>6 

1=2>3=4=5<6 

1=2>3>4=5=6 

for the multiple comparison between regions the signs < and > indicate heterogeneous 

partitions and magnitudes with = indicating hormogeneous groupings. 
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Redescription of the genus Helicarion and of 
Helicarion niger (Quoy & Gaimard, 1832) 
From Victoria (Pulmonata: Helicariondae) 

Ron C. Kershaw 
Hon. Associate, National Museum of Victoria, Melbourne, Victoria 

ABSTRACT 

New and expanded descriptions of the endemic Australian ariophantid 
genus Helicarion Ferussac 1821 and the Victorian species H. niger (Quoy and 
Gaimard, 1832) are provided. A specimen in the Paris Museum is selected as 
lectotype. Voucher specimens on which anatomical observations have been 
made are deposited in the National Museum of Victoria. 

INTRODUCTION 

Taxonomic and ecologic study of the Australian helicarionid fauna over a number of 
years has demonstrated the need for stabilization of the genus Helicarion. The two species, 
H. rubicundus Dartnall and Kershaw, 1978 and H. cuvieri Ferussac, 1819 (Kershaw, 1979), 
now recognised in Tasmania, have been described in detail with notes given on the status 
and limits of the genus. The object of this paper isto provide an adequate redescription of 
the genus and to redescribe the Victorian species H. niger (Quoy & Gaimard, 1832) 

Effective establishment of the status of the genus Helicarion has significance to the 
understanding of ariophantacean taxa. It occupies the southern limit of helicarionid 
distribution and probably demonstrates primitive or specialised features. The 
Helicarionidae and the Ariophantinae are apparently closely related (Solem, 1966: Van 
Mol, 1973). But little is known of other helicarionid Australian genera. The establishment 
of these depends on the definition of Helicarion. Subsequently may come the hypotheses 
concerning apparent relationships and the primitive or specialised nature of morphology. 
Some basic taxonomic data are provided by Thiele (1931) and Zilch (1959-60). Brief 
ecological notes have been presented by Kershaw (1957, 1975). 

HELICARION 
MORPHOLOGY 

Helicarion has no functional verge but there is frequently a small simple or complex 
penial papilla. There is no dart-sac, sarcobelum, retractor caecum or elaborate atrial 
diverticulum. These items suggest a relatively simple animal but it has the features of 
helicarionid slug evolution (the semi-slug morphology) of reduced simple shell, mantle 
lappetts, and tripartite foot sole with caudal features. The small coiled flagellum contains at 
appropriate times, an elaborate spermatophore, the spiny section of which is always 
extruded last. Significant study error is likely if the spermatophore is partially digested in 
the bursa. Sometimes broad thin salivary glands can be clearly observed adhering to the 
anterior oesophagus. The radula has clear family features in the basic tooth shape. The 
convex raised lateral ridges of the base plate have been recognised whenever helicarionid 
radulae have been available for study. Radula differences rest in tooth morphology and 
number. Considerable study is still required particularly in Australian genera other than 
Helicarion in which a start has been made. 
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DISTRIBUTION 

Within Victoria, Tasmania and probably part of south-east New South Wales; past ideas 
having been very largely due to variable body colours coinciding with the simple shell. 
Hence almost any blackish animal was labelled H. niger, but evidence is emerging to 
suggest that colour is frequently an ecological factor. Thus Smith's (1977) concept of H. 
niger distribution is difficult to substantiate. Population studies (Kershaw, 1980) reveal 
considerable colour variation indicating the complexity of the problem. More work is 
needed, particularly in New South Wales. Other genera will require separate study. 

TAXONOMY 

Helicarion Ferussac, 1821. 

type by subsequent designation: Gray, Proc.Zool.Soc. 1847:169, 
Helicarion cuvieri Ferussac, 1819. 

DIAGNOSIS 

Small to medium animals with weakly sculptured, few whorled reduced sub-globose 
shells with depressed spire, pale yellow to light orange sometimes tinted green, 
imperforate. Radula with tricuspid central teeth, bicuspid non-denticulate marginal teeth. 
Penis with distinct internal ornament often including a small, simple or complex, penial 
papilla. Verge, dart-sac and retractor caecum absent. Flagellum small, short, more or less 
coiled. The spermatophore, sometimes clearly visible within the flagellum lumen, has a 
section of distinct branching spines which is always extruded last during copulation in this 
genus. 

DESCRIPTION 

Shell thin with shallow barely margined sutures, whorls 3to 3.5, aperture relatively wide 
but shell not usually large. Mantle not large, lappetts often well defined but rarely 
reaching beyond shell apex, usually with spots or wart-like ornaments, one central, one 
posterior. Tail normally with a short keel often extending to a caudal horn overlapping the 
shallowly recessed caudal gland (foss of authors). Foot tripartite, relatively narrow, 
narrowing posteriorly. Body ornament rugose in variable pattern usually in slanting 
anterior and posterior alignment, with pale or neutral shades often colour tinted, 
uniformly coloured but colour pattern only known from south-east Tasmania. The single 
distinctly sloping line of the anterior flank is a family feature. Jaw with a central process, 
radula with rachidian tricuspid, laterals tricuspid including a minute  endocone, 
marginals simple narrow curved bicuspid, usually 2 or 3 clear latero-marginals, rachidian 
baseplate with the helicarionid laterally convex distinct lateral ridges. Genitalia, relatively 
simple as defined, has no significant atrial diverticulum, but a small vaginal chamber may 
form a simple diverticulum or often pass almost directly on into the uterine duct. The 
atrium and vagina are small with the bursa duct junction close to the atrium. Internal ridges 
curve from the bursa duct abruptly to the vagina at the chamber entrance. The flagellum 
may be slightly, but is never greatly extended. It has distinctive external ornament 
coinciding with internal crypts within which spines form. The vas deferens often has a 
distinctive point of insertion with the flagellum allied with other specific features. Penis 
usually with some form of basal bulge, sometimes very small, containing a chamber within 
which the penial papilla may be, and other distinctive ornament is present. The penial 
sheath is thin, extending from attachment at atrium to base of penis. The penial retractor 
muscle is situated at or closely adjacent to a variably sharp bend in the epiphallus. It may 
arise from a small distinct process. The sheath retractor muscle, rarely reaching beyond the 
epiphallus to the penial retractor base, is thin sometimes branching. The bursa copulatrix 
is moderately elongate, variably bulging, often but not always lined with variable plicae. Its 
duct is normally, sometimes variably, lined with distinctive longitudinal ridges, the pattern 
apparently related to specific penial ornament. 

SPECIES DIAGNOSIS 
This study, to the completion of the present paper, has involved some 1500 specimens. 

Although many consisted of the shell only, a very large number of animals have been used 
in morphological studies. Limitation has been imposed by shortage of animal material 
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from many parts of Australia including southern pockets not readily accessible. It has been 
aided by many strategically located samples throughout. In addition, a survey of the Lower 
Gordon River region of Tasmania by university staff has provided valuable information. 
Many years are expected to elapse in completing an initial study of the family in Australia. 
Study of the genus Helicarion has necessarily received precedence and in defining the 
genus the need to study the south-eastern Australian fauna was evident. This study has 
simplified the study and description of species. 

The existence of many races and actual or probable undescribed species has been 
revealed. In determining their status many factors need study and literature study has 
shown that both old and new problems exist. Shell features require care in usage. The use 
of spiral grooves as a specific character isa good example which has been found at random 
in Australia. Colour has been found variable, including a range of neutral or colour shades 
which may differ within or between populations. Greenish shell tints occur in shells 
independently of genera or species. Certain animal colours, constant in live animals, are 
lost in preservative leaving a whitish specimen. Foot length may be reduced by up to two- 
fifths in preservative. But obtaining accurate live measurements requires care and is 
limited by insufficient fresh material. 

The radular row number of 130 in H. cuvieri is accepted as a reasonable mean. Other 
estimates are omitted to reduce potential error among species. Radular tooth number 
differs with the age of the animal as with other Pulmonates (Runham, 1975). The radula has 
been suggested as of generic value only but study to date raises doubt on the validity of 
this. Shell and animal size vary greatly and are related to populations with difficulty, 
creating analytical problems. Stable criteria are a prime need. 

Nitor with an heliciform shell provides a very different animal-shell relationship to 
Helicarion the shell of which can shelter relatively little of the animal. But H. niger can 
withdraw much of the animal. But the quotation by several authors from Quoy on this 
aspect actually refers to the neck. Three species have been described for Helicarion with 
significant but relatively restricted distribution known. The genus as defined, is based on a 
much wider range of morphs allowing presentation of a generic description at this stage. 

HELICARION NIGER (QUOY AND GAIMARD, 1832). 
TYPE LOCALITY WESTERN PORT, VICTORIA 

1832 Vitrina nigra Quoy and Gaimard, Voy.Astrol.Zool. 2:135, pl.11. 
1855 Helicarion nigra. Gray, Cat.Pulm.Collt.Brit.Mus. i: 68 
1868 Vitrina nigra. Cox, Mon.Aust.Land Shells. p 84, no. 204. 
1882 Vitrina nigra. Tate, Trans.R.Soc.S.Austr. 4: 75. 
1909 Vitrina nigra. Petterd & Hedley, Proc.Linn.Soc.N.S.W. 7: 301. 
1912 Vitrina nigra. Cox & Hedley, Mem.Nat.Mus.Vict. 4: 14. 
1930 Vitrina nigra. Gabriel, Proc.R.Soc.Vict. 53 (1): 85. 
1937 Helicarion niger. Iredale, Aust.Zool. 9 (1): 7. 
1972 Helicarion niger. Smith, Vict.Nat. 89 (12): 348. 
Habitat. Sclerophyll forest and scrub. 
Both Cox (1868) and Gray (1855), although differing slightly in interpretation, quote the 

brief shell description from Quoy, adding the comment "animal black, large, neck 
elongate contractile into the shell". The animal is able to withdraw a large proportion of 
itself within the shell, the shape of which may facilitate this characteristic. 

SPECIES DIAGNOSIS 
Helicarionid snail with shell small to medium size, depressed sub-globose, bright 

golden yellow sometimes tinted orange; spire flattened, sutures very shallow, aperture 
roundly ovate; animal paleor dark grey rarely black, with faint buff or pinkish tint, lappetts 
pale; extremities, particularly tail, noticeably darker. Protoconch sculpture spiral striae. 
Adult weakly radially sculptured on slight surface undulations. Radular formula 
38.15.1.15.38, rachidian and lateral mesocones relatively broad with a small distinct 
depression at the mesocone base. Penial anatomy with a small rounded fleshy penial 
papilla and internal ornament of close erect papillae arranged in a longitudinally 
triangular pattern. Spermatophore relatively simple. 
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TYPE LOCALITY 

The type was collected in the vicinity of Western Port Bay, Victoria. The only other data 
known is that given by theauthors. Inspection of this large region indicates that Helicarion 
niger probably no longer exists in the original vicinity as a large proportion of the 
environment has undergone complete change. Fortunately areas remain within which 
populations have been available for study. These have defined an area from Port Phillip 
Bay to Wilsons Promontory. To the north the region near Leongatha, Trafalgar, 
Korrumburra are included but scarcity of material, change of environment and possible 
racial differences make a final decision difficult. The region is largely low coastal country to 
low hills with scrub and dry sclerophyll forest significant. No evidence has yet emerged 
that the species occurs in the mountains or anywhere else in south-eastern Australia. 

TYPE MATERIAL 

The Paris Museum of Natural History. One shell. 
Label: "Vitrine de Western. Vit. nigra q g. 

cat. pl. 11 fi.8, 9n elle h n pt. western. 
11? 7 a du Cat du Ue." 

The plate and figures quoted are from the Astrolabe report. The label is very old and while 
the word type does not appear it is apparently original material. The shell is believed to be 
the type by the Paris Museum and was loaned for study by M. Tillier on that basis. It is the 
only specimen and in terms of Article 73 of the Code as there is no evidence to indicate that 
it is not original material it should be regarded as the holotype. The dimensions are 
maximum diameter 11.7mm, minimum diameter 9.4mm, height 5.5mm, aperture length 
5.7mm, width 5.7mm. There is therefore a discrepancy in the maximum diameter which 
suggests that more than one specimen was collected. The existing shell is very fragile with a 
probably limited life. A voucher specimen has been selected with the probability in mind 
that the existing type will be replaced. In addition a series of animals from the typeregion 
have been preserved as part of the voucher collection. Because there is a discrepancy the 
existing shell must here be designated a lectotype. 

This material is listed under the heading of material examined (and believed to be 
Helicarion niger). 

DESCRIPTION OF TYPE (Figure 1) 

Shell faintly orange-yellow almost opaque, flattened above, periphery rounded, 
protoconch almost white, about 1.5 whorls ending with a depressed area. The sculpture is 
very fine irregular microscopic radial irae, the numerous close very fine microscopic spiral 
striae clearly distinct under high power. Adult sculpture irregular, low variably rounded 
radial riblets with much finer radial lirae, very vague spiral striae, very faintly rugose 
shining surface. The three and one quarter whorls rapidly increase, last moderately 
expanded, aperture roundly ovate, sutures clear very narrowly margined. There are 
several faintly orange radial colour bands and the radial sculpture is very clear in some 
places. Imperforate. 

Description of ‘Vitrina nigra Quoy and Gaimard, 1832’ translated from the "Voyage of the 
Astrolabe", p.135: 

This Vitrine is oval, elongate, a very little rounded on top, the spire rather depressed, 
very short, the last whorl very large. The sutures are well marked, the aperture is very 
broad, elliptical, its left margin is a little pointed, from within outwards. The shell is 
translucent, glossy blond approaching tawny. 

The animal in spite of its size can be contained in its shell. The neck is long, the posterior 
tentacles are thick short, swollen at the extremities which carry the eyes. It is difficult to 
see in the living creature the ear-shaped entrance of pulmonary aperture, as well as the 
right and left appendices of the mantle, which do not cover the shell. They are 
distinguished better after the death of the mollusc. The foot which is prolonged to a point 
bears on its extremity and underneath apparently a mucous pore, a fact which is contrary 
to other Vitrines, which have the depression above. The whole animal is black. It inhabits 
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Western Port in that part of New Holland which overlooks Bass Strait. We found it on the 
banks of a stream. 

The port of King George has provided us with smaller specimens, living under the trees, 
far from fresh water. 

Dimensions. Length of the shell .. 6 lignes 
ҸИ си еден 272 lignes 

(i.e. 13.5mm length, 5.64mm depth.) 
Description of Voucher Specimen (Figure 4): 

Shell: 3.25 whorls rarely larger, normally golden yellow becoming opaque with age. 
Protoconch 1.5 to 1.9 whorls pale blue grey to almost white, sculpture very fine faint clear 
close spiral striae sometimes with irregular radial lirae normally ending with slight 
depression. Adult sculpture very weak radial lirae, some stronger more widely spaced, on 
body whorl slight surface undulations. Animal very faintly buffish or pinkish grey with 
darker extremities, much of tail distinctly dark, caudal margin may be black, tentacles dark 
grey, lappetts pale. Right pallial lappett triangular 5 mm long, 3.5 mm wide, in life adhering 
laterally to shell, one black spot at extremity, one basally 2 mm from extremity; right body 
lappett 5 mm long, 4 mm wide below suture, a small basal curve narrows to 2 mm; left 
pallial lappett elongate triangular 2 mm wide narrowing to 1 mm with black spot 1.5 mm 
from extremity, 4.5 mm long, curving across lip margin of shell dimensions 11.7 mm 
maximum, 9.3 mm minimum diameter. Mantle extends 2 mm along neck to 5 mm from 

muzzle. Ocular tentacles 2.5 mm long, closely spaced. Genital atrium slit-like, a clear 
round 1.2 mm depression expanded, penis pale yellow. Foot sole pale, central section 
narrow about one-fifth of width, slightly narrower over posterior one third, lateral sections 
convex, narrow line of tubercles above peripedial groove weakly defined; foot narrow 
throughout, posterior keel one fifth of tail length or less, pneumostome well-defined with 
white tissue below. Body ornament irregular shaped somewhat weakly variably defined 
tubercles, moderately aligned longitudinally on neck, in slanting lines! on tail (Fig. 5). 
Anatomy: Jaw (Fig. 12) yellow translucent, distinctly arcuate, extremities pointed, central 
projection gently arched, sharpened. 
Radular (Figs. 2, 3) formula 38.15.1.15.38. Rachidian tricuspid with relatively broad 
somewhat 'spear head' shaped mesocone, ectoconal cusps at about half length of tooth, 
distinct from mesocone, curved above, arched below, separated by a variable trough, 
passing to distinct pits posteriorly, anterior one quarter of tooth with variable low ridges 
and troughs extending to two projections variably scalloped between. Lateral teeth with 
relatively broad mesocone, more robust than rachidian, laterally sub-curved with a small 
endoconal cusp at one-third length of mesocone; ectoconal cusp distinct, similar to and in 
line with rachidian ectocones; anterior of tooth with undulating surface posterior to 
trough adjacent ectocones, straightened at junction with next anterior tooth. (In 
specimens from Mornington the anterior edge of the lateral tooth is produced to engage a 
recess in the next anterior tooth). Marginal teeth bicuspid distinctly curved anteriorly then 
gradually to cusp tip, broadened centrally, ectocones distinctly curving away from 
mesocone at first. Rachidian base plate with two inner minor ridges loosely engaging with 
posterior of next tooth, column of tooth sturdy, upright, then slanting sharply to 
mesocone cusp. Lateral base plate engaging anteriorly and laterally closely with anterior of 
next tooth. 
Reproductive system (Figs. 8, 10, 13): penial complex sharply ‘U’ shaped with retractor 
muscle lateral to extremity of curve. Retractor muscle base slightly bulging curved sub- 
rounded 0.5mm diameter. Penis (Figs. 6,8) distinctly basally curved narrowing abruptly to 
epiphallus with at junction a small fleshy papilla; penial sheath very thin with retractor 
attached to epiphallus just short of curve (Fig. 13). Penial retractor basally connected by a 
vein to vascular system adjacent stomach via oviduct and albumen gland near pericardium 
(Fig. 10). Flagellum spiral with lateral raised flange ornamented with defined 
protruberances distinctly bulging at epiphallic junction (Fig. 8) varying from one sixth to 
almost one third complex length in different populations, internally a defined lumen lined 
with crypts corresponding to external ornament. Vas deferens inserts laterally adjacent but 
opposite basal bulge 2.7mm from flagellum tip varying from two-fifths to nine-tenths 
length (Fig. 8,Q). Penis lined with sub-longitudinal slightly zigzag tightly folded lines of 
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papillae arising from low ridges, denser and spreading diagonally at base (Fig. 6). 
Spermatophore (Fig. 9) short, coiled with eight, most branching, simple spines loosely 
grouped. Epiphallic duct lined with sharp distinct pilasters to retractor, thin low rounded 
close somewhat zigzag pilasters to flagellum. Bursa copulatrix (Fig. 8) cream short bulging 
connected by a long (half to three-fifths length) duct closely adjacent to atrium. Bursa duct 
lined with bold pilasters some curving to vagina. Several pilasters pass from vagina to 
atrium (Fig. 7). Within bursa variable rounded transverse plicae occur. The vagina is short 
and narrow connecting atrium to capacious vaginal chamber (Fig. 7), passing via a short 
uterine duct to spermoviducal complex. The contorted vas deferens inserts terminally 
with deep cream prostate which is appressed to off white uterine section. Albumen gland 
dull grey basally curved scoop-like with white hermaphrodite duct inserting near junction 
to become a thin duct slightly embedded, to moderately elongate globular pale grey talon 
densely covered with black capillaries (Fig. 13, T). Hermaphrodite gland a some-what 
elongate mass of cream acini. 
Digestive complex (Figs. 14, 15): anterior oesophagus swollen posterior to 
circumoesophagial ganglia expanding to crop then contracting to stomach. Posterior 
oesophagus recurving below stomach before emerging to rectum. Bilobate digestive 
gland pale orange, kidney cream elongate. Pallial organ cavity relatively short so that 
secondary ureter passes almost parallel to kidney and primary ureter (Fig. 15). 
Muscular system: tentacular and buccal musculature latero-dorsal to oesophagus (Fig. 15). 
Buccal retractors pass below cerebral ganglia to connect with tentacular retractor dorsal to 
oesophagus. Pericardium appressed laterally and slightly ventrally to kidney. Heart with 
auricle very large in relation to ventricle, the auricle with small lateral lamellae, which do 
not cross the chamber (Fig. 11). Body cavity shallow. 

Material Studied: 
Voucher, National Museum of Victoria, registered number: F30169 
One half mile north of Sandy Point, Waratah Bay, collected T. Muir, May 1970. 
Whorl no. Length. Width. Height. Aperture Foot length 

length. preserved. 
Voucher 

3.3 12.8 9.9 5.5 7.5 28 mm 
Other voucher material 

3.25 11.7 93 5.6 7.5 27.5 
3.2 11.2 9.4 5.2 7.5 29 

3.15 10.8 8.5 5.4 7.0 25 
3.1 11.1 8.8 4.9 7.0 19 
3.1 9.8 8.3 4.8 6.0 23 
3.0 9.7 8.0 4.7 5.5 23 
2.9 9.3 7.5 4.6 mü 24 
2.9 9.0 7.4 4.7 5.5 18 
2.9 8.7 7.2 4.1 5.5 19 
2.85 8.2 6.7 3.9 4.5 18.5 

Other Material Studied 
Cape Liptrap Area. Collt. FSG-FNCV. 

3.25 10.0 8.8 4.5 6.0 13 
3.1 9.0 8.0 4.1 6.0 22 
2.25 8.5 6.5 4.4 5.0 = 

Walkerville Area. Collt. J. Rigby & J. Muir, May 1970 
3.25 12.5 10.2 6.5 7.0 32 
3.12 13.0 10.0 5.8 7.0 31 
3.12 9.7 8.0 4.5 6.0 17 
3.0 9.7 7.7 4.3 6.5 17 
3.0 9.5 7.5 4.2 6.0 15 
2.75 9.0 7.5 4.0 5.0 14 

Mornington Area, Greenbush. Collt. M. Coulthard & T. Sault, 19/5/1974 
3.25 11.5 9.5 6.5 6.5 20 
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3.12 10.0 8.7 4.8 6.0 22 

3.0 9.0 7.0 4.2 5.5 8.5 

2.9 93 7.0 4.0 6.0 20 

Leongatha Area. Collt. E. Lyndon, Мау-Јипе 1970. 
3.1 12.1 10.1 5.3 8.0 30 

3.0 11.5 9.5 5.5 7.0 27 

3.0 11.5 9.0 5.0 8.0 28 

2.9 9.0 7.0 4.0 5.0 17 

Whorl no. Length. Width. Height. Aperture Foot length 
length. preserved. 

Korrumburra Area. Collt. J.A. Kershaw, 24/11/1893. 
3.2 11.0 8.6 5.9 7.0 15 mm 

3.2 10.7 8.4 6.0 7.0 14.5 

322 10.2 8.6 51 6.0 = 

3.15 9.5 8.0 5.5 6.0 = 

3.0 9.3 7.3 5.0 5.0 = 

2.9 8.7 7.2 4.8 5.0 = 

2.8 8.5 6.9 4.5 4.5 =: 

2.5 6.7 5.7 3.6 4.0 — 

Trafalgar Area. Collt. W. Kershaw, August 1890. 
3.0 10.8 8.6 5.0 6.0 18 

2.95 10.1 8.1 5.0 5.5 17 

2.95 10.5 8.2 5.0 6.0 — 

2.9 9.0 7.6 4.5 5.0 = 

2.5 6.4 5.3 3.4 4.0 = 

Mirboo North. Collt. B. Thompson, 27/5/1972. 
2.9 8.5 6.7 4.1 5.0 16 

Foster Area. Collt. J.A. Kershaw, December-January 1909-10. 

3.25 13.0 10.5 6.2 8.0 

3.25 13.0 10.3 5.8 7.0 

3.25 12.0(2) 9.4 — — 
3.1 [12:5 10.4 5.8 7.5 

3.0 9.5 7.4 4.5 5.5 

2.9 9.0 7.0 4.0 6.0 

2.75 7.5 6.3 3.9 3.8 

2.5 5.4 4.3 2.5 2.9 

INTERSPECIFIC CHARACTERISTICS 

Significant specific factors as understood were outlined by Dartnall & Kershaw (1978). 
Characteristics now accepted as most diagnostic of Helicarion niger for the present work 
include the spiral protoconch sculpture, the penial papilla and the penial ornament. The 
papilla is small, fleshy and rounded, H. cuvieri has no papilla but H. rubicundus has a 
complex digital structure incorrectly described as a verge. The penial ornament of 
longitudinal lines of papillae is distinct from that of H. cuvieri (Kershaw, 1979) while that of 
H. rubincundus (Kershaw, 1980) is very complex. The base of the penial retractor in these 
three species differs distinctly, that of H. rubicundus forming a false caecum. It is now 
known that a caecum does not occur in Helicarion s.s. H. niger has a symmetrical pallial 
cavity with the anal opening close to the kidney, without the prolongation of the ureter 
and rectum so apparent in the other two species. The transverse morphology of the kidney 
and primary ureter in H. rubicundus is particularly distinct from the elongate bulb of H. 
niger. The spermatophore is relatively simple with few spines but there is structural 
resemblance to that found in the two Tasmanian species, both of which are complex. No 
information is available on the caudal mucus colour as yet. 

THE PROTOCONCH 

The Helicarion protoconch offers some problems. In the case of H. niger there is a 
distinct degree of constancy as at present recognised. Nevertheless there are examples 
considered to be racial morphs which are not completely within the range of this 
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constancy. More material is needed to validate the apparent relationships. On a broader 
scale traces of probable ancestral relationships are suggested from study of data in hand. 
For example some Bass Strait morphs could be included in such an hypothesis. The 
Tasmanian species are distinct. 

THE RADULA 

Helicarion radulae are basically recognizable. But H. niger does not have the numerous 
large teeth of H. rubicundus nor the narrovv elongate excavate rachidian of H. cuvieri. 
Instead it has a relatively broad mesocone with a distinctive depression adjacent the 
ectocones. H. rubicundus has the largest number of teeth per row known for the genus at 
present but other morphs are known with many more than the mean. H. cuvieri has the 
least with 33 below the mean and H. niger has 15 below the mean on present knowledge. 
The significance of this has still to be evaluated. 

REMARKS 

The type shell differs from the original Latin description in not being noticeably reddish 
as interpreted by authors from the use of the word ‘rufa’. The latin description states 
clearly “4 whorls” but careful microscopic study indicates the presence of corrosion which 
could give the impression of more than the apparent 3.25 whorls of the type specimen. 
Compared to the French translation the last whorl is relatively large; very large seems an 
exaggeration. The dimensions given are not quite correct based on the ligne being equal 
to 2.256mm. This would be within the limits of error of the period. The French word used 
for the shell colour is *blonde". Gougenheim's Dictionaire Fondamental gives 'blonde' as 
a colour a little darker than yellow or gold. The animal is described and figured, its fate is 
unknown, but the description refers to its death. It is possible that it did not survive the 
voyage to France or that it was used for dissection. 

Quoy and Gaimard refer to the size of the animal which is illustrated as elongate. The 
drawing obviously was made from a live crawling animal. They claim that despite the size 
the animal can be contained within the shell. Again one must discount the comment 
because although there is no doubt that the animal may withdraw more than the average 
Helicarion, no case of complete withdrawal has been observed. Nevertheless a larger shell 
is indicated which is in agreement with the 13.5mm length given. This is not unduly large 
and as the aperture varies and is often 1mm longer than wide, the length encountered is 
likely to be due to the prolongation, a probable gerontic factor. Shells larger than 3.5 
whorls are very rare in Helicarion, an observation supported by both very old and new 
collections. 

Not all the discrepancies can be disposed of through the reasoning put forward. 
Therefore it must be accepted that more than one or two specimens were collected. But as 
only oneshell remains and there is no evidence to confirm whether any of the material was 
labelled ‘type’ there is no advantage in further speculation. 

The authors refer to smaller specimens from the ‘Port of King George’, which being 
blackish have also been regarded as H. niger. This matter was explored again and there can 
be no doubt that it was King George Sound to which reference was made. But the animals 
referred to were certainly those at present known as Luinarion castaneus Pfeiffer 1853. 
Although there are specimens labelled thus in Paris none are from Quoy and Gaimard 
material. The record is the only one of the species having been collected on land in 
Western Australia. Ancey, as is well known, received his Helicarion thompsoni from a 
whaler and there appears no certain evidence that it was actually collected in Geographe 
Bay. This problem is one for the future but eliminates Helicarion sensu stricto from that 
part of Australia. 
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Helrearion niger Qa, 
VOUCHER 
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1. Helicarion niger (Quoy & Gaimard, 1832). Holotype. Museum Nationale 

d’Histoire Naturelle, Paris. 
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2. Central and lateral teeth x 1500. SEM by Dr. B.J. Smith. 
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4. Voucher specimen, Sandy Point, Victoria. Photo.R.C.K. 
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5. Animal with shell removed. Sandy Point. Zllb 

papilla, ornament and junction with epiphallus. 6. Penis, 



28 Ron C. Kershaw 

8. Genitalia showing insertion of vas deferens. 
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9. Spermatophore. 

11. Heart removed from pericardium; auricle opened. 

29 
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13. Genitalia, showing hermaphrodite duct and talon. 



Helicarion niger 31 



32 Ron C. Kershaw 

LITERATURE CITED 

Dartnall, A.J. and R.C. Kershaw, 1978. Description of a new species of Helicarion 
(Stylommatophora:Helicarionidae) in Tasmania. Rec. Queen Vict. Mus. 62: 1-18, pls., 1- 
5 

Ferussac, А.Ј.Р.О”А, 1821. Tableaux systematiques des animaux Mollusques, . . . etc. 3 parts 
fol. Paris. 
Tableau de la famille des limacons. 

Kershaw, R.C., 1957. Miscellaneous notes on land Mollusca. Vict. Nat. 74 (7): 97-100. 
, 1975. Notes on the distribution and habitat of the Tasmanian land Mollusca. 

Tasm. Nat. No. 43: 1-4. ; 
, 1979. Redescription of Helicarion cuvieri from southern Tasmania and 

Helicarion freycineti from New South Wales. (Pulmonata:Helicarionidae). J. 
Malac.Soc.Aust. 4(3):145-56. 

1980. Notes on Helicarion rubicundus (Pulmonata:Helicarionidae). J. 
Malac.Soc.Aust. 4(4): 213-214. 

Runham, N.W., 1975. Alimentary Canal. Chapter 3 in Fretter, V. and J. Peake (eds.). 
Pulmonates. Volume 1. (Academic Press, London) pp. 53-104. 

Smith, B.J., 1977. The non-marine mollusc fauna of the Otway Region of Victoria. 
Proc.R.Soc. Vict. 89(1&2):147-55. 

Solem, A., 1966. Some non-marine mollusks from Thailand with notes on the classification 
of the Helicarionidae. Spolia.Zool.Musio.Haun. 24: 7-110.pls.,1-3, fig. 1-24. 

Thiele, J., 1931. Handbuch der Systematischen Weichtierkunde. Reprint 1963 (A. Asher & 
Co. Amsterdam). 

Van Mol, J-J., 1973. Notes anatomiques sur les Helicarionidae (Mollusques, Gasteropodes, 
Pulmones). 11. Etudes des genres Pseudaustenia, Dyakia, Helicarion et comprenet la 
description de Papuarion, genre nouveau. Discussion sur la classification: des 
Helicarionidae et les affinites des Urocyclidae. Ann.Soc.Roy.Zool.Belgique. 103: 209-37. 

Zilch, A., 1959-60. Gastropoda-Euthyneura. Handbunch der Palaozoologie. Volume 6: 1- 
834. (Borntraeger, Berlin). 

Abbreviations used with illustrations: 
AE anterior oesophagus, AG albumen gland, AU auricle, BC bursa copulatrix, BD bursa 
copulatrix duct, C crop, CH caudal horn and gland, CG cerebral ganglia, DG digestive 
gland, DU uterine duct, E prostate, ED epiphallic duct, EG epiphallic gland, EP epiphallus, 
GA genital atrium, HD hermaphrodite duct, HG hermaphrodite gland, KD kidney, LPL left 
pallial lappett, M mantle, O oviduct, OD spermoviducal complex, P penis, PA 
pneumostome, PC pericardium, PE posterior oesophagus, PP penial papilla, PR penial 
sheath retractor, PS penial sheath, Q flagellum, R rectum, RBL right body lappett, RM 
penial retractor, RPL right pallial lappett, S stomach, T talon, TR tentacular retractor, U 
ureter, V vagina, VC vaginal chamber, VD vas deferens, VE ventricle. 
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The effects of substrate and shell form on burrowing in 
the Genus Katelysia (Bivalvia: Veneridae) 
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ABSTRACT 

The genus Katelysia in Southern Australia is represented by three species with distinctive 
but variable shell forms. These range from narrow shells with marked concentric 
sculpturing to obese shells with little sculpturing. Comparative investigation of the 
burrowing process of the three species and a possible sub-species of one, revealed that, in 
general, K. scalarina was the most and K. peroni the least efficient in all phases of 
burrowing. A theoretical consideration is made of shell characteristics believed to 
influence burrowing in an attempt to account for the different burrowing efficiencies of 
the different forms. 

INTRODUCTION 

The genus Katelysia (Bivalvia: Veneridae) issomewhat problematic in Southern Australia 
in that the three currently recognized species viz. Katelysia scalarina (Lamarck, 1818), 
Katelysia rhytiphora (Lamy, 1935) and Katelysia peroni (Lamarck, 1818) show such a wide 
range of intraspecific variation that specific identification can sometime be difficult. In 
addition, certain localized populations in South Western Australia are so characteristic as 
to have induced sub-specific recognition (Katelysia scalarina polita Nielsen, 1963). During 
an investigation into this systematic problem, | felt that an experimental investigation of 
the burrowing of different shell forms would be a useful adjunct to the more traditional 
approaches of shell morphometry and studies of reproductive cycles; these, together with 
electrophoretic investigations will form the basis of a more detailed subsequent 
publication on the subject. 

Early studies of bivalve burrowing were observational and descriptive and, until the 
work of Ansell (1962) on selected Veneridae, did not involve continuous recording of the 
process. The use of electronic and cinematographic techniques, as well as kymograph 
recordings in the sixties, marked a period of increased interest in invertebrate locomotion 
in general and bivalve burrowing in particular. These investigations resulted in a fairly 
thorough understanding of the mechanics of bivalve burrowing and culminated in 
reviews by Trueman (1968) and Trueman and Ansell (1969) and the important 
contributions of Stanley (1970). 

Although the family Veneridae includes a wide range of shell forms and was one ofthe 
first groups in which burrowing was investigated in detail, there have been few attempts to 
relate shell form and substrate within this family. 
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The use of the terms *mud cockle' to indicate a preferred habitat of K. peroni, an obese 
form with minimal shell sculpture and 'sand cockle' for the well sculptured, narrow K. 
scalarina, by Cotton (1961), suggested to the author that the problem might be fairly 
straightforward with forms such as K. peroni ideally suited to fine sediments and the more 
highly sculptured forms suited to coarse sediments. However, as details emerged during 
the investigation it became apparent that shell characters are by no means easily related to 
burrowing ability. 

MATERIALS AND METHODS 

In order to avoid difficulties of interpretation, which might arise from investigating too 
wide a range of shell forms, only four of the most distinctive shell forms were used in 
burrowing experiments. For similar reasons, only the four sediments of origin of the 
selected shell forms were used for experimentation. Shell forms included K. scalarina from 
Princess Royal Harbour, Albany, K. scalarina from Seine Bay, Augusta (= K. scalarina polita 
of Nielsen, 1963), K. rhytiphora from Oyster Harbour (Site 1), Albany and K. peroni from 
Oyster Harbour (Site 2) Albany; collecting sites are shown in Fig. 1. Five individuals of each 
form were allowed to burrow into each of the four sediments in used 500g margarine 
containers. In each container approximately 4 cm of sediment was covered with a similar 
depth of seawater at a temperature of + 14°C and +31°%o salinity. Experimental animals 
were selected within as narrow a size range as feasible. 

The burrowing process was timed in two phases. Time intervals were recorded firstly, 
from initial pedal probing to the point at which the shell had been manoeuvred into an 
upright position and secondly, from this stage to the point at which the animal was just 
covered by the sediment. Since no continuous recording equipment was used subsequent 
locomotory activities could not be followed. However, Katelysia has short siphons so that 
burrowing is likely to stop soon after the animal is covered. The number of burrowing 
sequences was not recorded. After experimentation, the following parameters were 
recorded for each individual: 1) Length (L); 2) Height (H); 3) Width (W) (Fig. 2) and 4) Dry 
Shell Mass (M). 

From the results obtained the following values were calculated for each individual: 

2 3 Shell Mass 
1) Uprighting Rate Index (U.R.l.) AU 

2) Burrowing Rate Index (B.R.l.) =/ = SI) — x 100 (Stanley, 1970) 
Burrowing time (secs) 

3) Index for Combined (Uprighting plus Burrowing) Times (C.R.I.) 

3/ Shell Mass (g) 
ЕВИ Burrowing TIT x 100 
prighting + Burrowing time (secs) 

x 100 

The second formula is taken directly from Stanley (1970) and the other formulae are 
obvious simple modifications of this. Individual values were averaged to give three rate 
indices for each form in each sediment (U.R.I., B.R.I. and C.R.I.). Shell measurement were 
expressed in terms of W/H (shell obesity) and M/L (shell density) ratios as the most useful 
estimates of shell character pertinent to burrowing. No quantitative measure of shell 
sculpture was taken. 

Sediment characteristics were determined after oven drying, by sieving through a graded 
series of sieves on an automative shaker and weighing the contents of each sieve. The 
weights were plotted on a cumulative percentage basis and the median particle size 
estimated from the resultant curve. 

In addition to the quantitative recordings described above, features generally observed 
for different shell forms as they burrowed were also noted. 



Burrowing in Katelysia 35 

Oyster 

Harbour 

Seine Bay 

Princess Royal 

Harbour 

1. Map showing sites from which experimental animals were obtained. A) General 
locality map of S.W. Australia with enlarged insets of B) Augusta Area (34°22’S 
115°10’E) and C) Albany area (34°58’S 117°57E) 
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2. Measurements used to estimate different shell characters. For key see text. 

RESULTS 

The different shell characters of the experimental animals are clearly illustrated in Fig.3 
and Table 1. Both K. scalarina (Augusta) and K. peroni tend to be obese and smooth or 
weakly sculputured while K. scalarina (Albany) is narrow in profile with angular concentric 
ridges. K. rhytiphora is also narrow in profile with rounded concentric ridges and fine 
radial striations. Quantitative estimates of shell characters (Table 1) show the following 
sequences of a) increasing obesity (W/H): K. rhytiphora, K. scalarina (Albany) K. scalarina 
(Augusta) and K. peroni; b) increasing shell density (M/L): K. rhytiphora, K. scalarina 
(Albany), K. peroni, K. scalarina (Augusta). The only difference between these is the 
relative positions of K. peroni and K. scalarina (Augusta). 
Table 1. Numerical values for two shell characteristics for different forms of Katelysia. 
Standard deviations are given after each value and the number of animals used in each 
case is in parentheses. 

Shell Form Source Shell Obesity (W/H) Shell Density (M/L) 

K. rhytiphora Oyster Harbour, 0.54 + 0.34 (14) 1.14 + 0.161 (14) 
Site 1 

K. scalarina Princess Royal 0.56 + 0.215 (20) 1.29 + 0.335 (20) 
(Albany) Harbour 

K. scalarina Seine Bay, 0.59 + 0.022 (20 1.99 + 0.259 (20) 
(Augusta) Augusta * 

K. peroni Oyster Harbour, 0.64 + 0.058 (17) 1.53 * 0.363 (17) 
Site 2 

Table 2. Rate Indices for different Katelysia shell forms burrowing in different sediments 3 
a) Uprighting Rate Indices (U.R.I.’s) 

Sediment K. scalarina K. scalarina K. rhytiphora K. peroni 
Source M.P.S. 

(um) (Albany) (Augusta) (O.H.1) (O.H.2) 

Augusta 98 1.31 (4) 1.01 (5) “11.48 (4) 0.54 (2) 

O.H.1 103 0.83 (5) “11.32 (4) 0.89 (4) 0.38 (5) 
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3. External appearance of Katelysia shells in: A) Lateral View and B) Dorsal View. 1) K. 
scalarina (Albany); 2) K. scalarina (Augusta); 3) K. peroni; 4) K. rhytiphora. 
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O.H.2 126 *1 1.46 (5) 0.85 (5) 0.71 (3) T 0.56 (4) 

P.R.H. 130 *0.975 0.83 (2) 0.41 (2) 0.40 (3) 

b) Burrowing Rate Indices (B.R.I.'s) 

Sediment K. scalarina K. scalarina K. rhytiphora K. peroni 

Source M.P.S. 
(um) (Albany) (Augusta) (O.H.1) (O.H.2) 

Augusta 98 *0.31 (4) 0.27 (5) 10.22 (4) 0.12 (2) 

O.H.1 103 “0.38 (5) 0.19 (4) 0.14 (4) 0.19 (5) 

O.H.2 126 * 0.29 (5) T 0.28 (5) 0.19 (3) T 0.22 (4) 

P.R.H. 130 *1 0.54 (5) 0.20 (2) 0.13 (2) 019 (3) 

c) Indices for Combined (Uprighting plus Burrowing) times (C.R.I.'s) 

Sediment K. scalarina K. scalarina K. rhytiphora K. peroni 
Source M.P.S. 

(um) (Albany) (Augusta) (O.H.1) (O.H.2) 

Augusta 98 * 0.22 (4) 10.20 (5) 10.19 (4) 0.09 (2) 

O.H.1 103 * 0.25 (5) 0.16 (4) 0.12 (4) 0.12 (5) 

O.H.2 126 “0.23 (5) 10.20 (5) 0.15 (3) 0.13 (4) 

P.R.H. 130 “f 0.33 (5) 0.16 (2) 0.10 (2) T 0.16 (3) 

Key: M.P.S. Median particle size; P.R.H. Princess Royal Harbour; O.H.1 Oyster Harbour 
1 (Fig. 1); O.H.2 Oyster Harbour 2 (Fig. 1). The values for the sediment of origin are 

italicized, the highest value for each sediment marked *, and the highest values for each 
form marked t. Mean values are given and the numbers of animals used in each case is in 

parentheses. 

Table 2 shows the median particle sizes of experimental sediments and rate indices for 
each species in these sediments. The sediment from Augusta is the least coarse and that 
from Princess Royal Harbour the most coarse. The sediment from Oyster Harbour site 1 is 
fairly similar to Augusta sediment while that from Oyster Harbour site 2 is similar to 
Princess Royal Harbour sediment. K. scalarina from Albany has the highest rate indices in 
all except two cases, i.e. U.R.I.'s in sediments from Augusta and Oyster Harbour, site 1. In 
these cases K. rhytiphora and K. scalarina (Augusta) have the highest values in Augusta and 
Oyster Harbour site 1 sediments respectively. The second highest values throughout are 
for K. scalarina from Augusta, the only exception being the U.R.I. for its sediment of origin, 
K. peroni generally has the lowest rates throughout except for B.R.I.'s which are lowest for 
K. rhytiphora in all sediments other than that from Augusta. The fastest rates for each form 
are predominantly in the sediment of origin or in a less coarse sediment. In only 3 cases are 
the rate indices higher for a more coarse sediment than the sediment of origin. 

DISCUSSION 

The process of burrowing in bivalves is described in detail by Trueman, Brand and Davis 
(1966a). Theoretical consideration of the factors relating shell form to burrowing 
characteristics and sediments is made in Trueman, Brand and Davis (1966b) and Stanley 
(1970, 1975). As a general rule soft, fine sediments are so easy to penetrate that there is a 
tendency for shelled organisms to sink into them. The most obvious way in which bivalves 
have overcome this problem may be seen in species such as Glossus humanus (L.) in which 
the shell is lightweight and obese (Owen, 1953). In contrast to fine sediments, coarse 
substrata are difficultto penetrate. Bivalves have overcome the problem of burrowing into 
such sediments by evolving a well developed foot for active pedal probing (G. humanus by 
contrast has a poorly developed foot, Owen, 1953) and shell ornamentation (as a frictional 
aid). 
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The results of the experiments reported here can, with some exceptions, be interpreted 
in the light of the theoretical considerations outlined above. The importance of shell 
sculpture in the intial phase of shell uprighting became very apparent when making 
comparative observations of K. scalarina from Albany and K. peroni on coarse sediments 
which become hard due to rapid compaction. In K. scalarina (Albany) initial uprighting 
was achieved rapidly as the concentric ridges acted as a brake against shell displacement 
during pedal probing. The ridges in K. scalarina (Albany) are triangular in section which 
would enhance “this effect. By contrast, the shell of K. peroni, which has reduced 
sculpturing and little substrate contact because of its obesity, rotated during pedal 
probing on coarse substrata; it was only with some difficulty that uprighting was achieved 
in this species. 

The B.R.I.'s (Table 2b) fall between 0.1 and 0.5, Stanley's (1970) range for slow burrowers. 
K. scalarina (Albany) has the highest B.R.I. values for each sediment and K. rhytiphora the 
lowest for all except Augusta sediment in which K. peroni was the slowest burrower. The 
comparatively high rates of K. scalarina (Albany) are again, I believe, related to both shell 
shape and sculpturing. Its narrow shell section aids sediment penetration while the 
concentric ridges, although according to Stanley's interpretation (1970) offering a 
resistance to penetration, probably facilitate burrowing by acting as an efficient 
penetration anchor and to some extent by lifting sediment during shell rocking. The 
comparatively high B.R.I.’s for K. scalarina (Augusta) may be explained in terms of its high 
shell density, which would overcome the problem of its higher obesity, whereas the shell 
of K. peroni has a lower shell density so that problems associated with its high obesity 
would not be affected. The low B.R.I.'s for K. rhytiphora reflect a tendency for this species 
to plough through rather than burrow into the sediment. This behavioural feature was also 
noted in the field but the author cannot suggest a reason for this trait in a suspension 
feeding bivalve. Although K. rhytiphora was not examined for parasites in this study, 
erratic burrowing has been noted (personal observations) in heavily parasitized European 
Venerids of the genus Venerupis. 
The low B.R.I.'s for K. rhytiphora reflect a tendency for this species to plough through 

rather than burrow into the sediment. This behavioural feature was also noted in the field 
but the author cannot suggest a reason for this trait in a suspension feeding bivalve. 
Although K. rhytiphora was not examined for parasites in this study, erratic burrowing has 
been noted (personal observations) in heavily parasitized European Venerids of the genus 
Venerupis. 

In theory, increasing obesity would tend to reduce uprighting and burrowing efficiency 
while increasing shell density would tend to oppose this. The data presented above proved 
difficult to interpret, not only because of these opposing factors but also as a result of the 
influence of shell sculpture, which was not quantified. Although somewhat simplistic, the 
attempt to relate these factors goes some way towards an understanding of the problem 
but it should not be overlooked that the ultimate form of the shell of a burrowing bivalve 
R a compromise between several factors (Eagar, 1978) not all of which have been assessed 
ere. 

ACKNOWLEDGEMENTS 

This work was conducted while the author was a Research Associate in the Department 
of Malacology of the West Australian Museum, Perth while on sabbatical leave from 
Queen's University, Belfast. Grateful thanks are extended to the Trustees, Director and 
Staff of the Museum for the facilities made available and the support given to me. | would 
also like to sincerely thank Miss V. Milne and the staff of the Residency Museum, Albany 
for providing space during the study, to my wife Valerie for invaluable assistance in the 
field and laboratory, to Mr A. Thompson for photographing the specimens illustrated, to 
Mrs Shirley Slack-Smith who critically read an early draft and who first suggested I entangle 
myself with Katelysia and to Dr. F.E. Wells for invaluable comments on the manuscript. 

LITERATURE CITED 

Ansell, A.D. (1962) Observations on burrowing in the Veneridae (Eulamellibranchia). Biol. 



40 D. Roberts 

Bull. mar. biol. Lab., Woods Hole 123:521-530. 

Cotton, B.C. (1961) South Australian Mollusca, Pelecypoda. Hawes, Government Printer, 

Adelaide. 363 pp. 

Eagar, R.M.C. (1978) Shape and function of the shell: a comparison of some living and fossi| 

bivalve molluscs. Biol. Rev. 53 169-210. 

Nielsen, B.J. (1963) Studies of the genus Katelysia Romer 1857 (Mollusca, 

Lamellibranchiata) Mem. Nat. Mus. Vict. 26:219-257. 

Owen, G. (1953) On the biology of Glossus humanus (L.) (Isocardia cor Lam.) J. mar. biol, 

Ass. U.K. 32:85-106. 

Trueman, E.R. (1968) The burrowing activities of bivalves. Symp. zool. Soc. Lond. 22:167- 

186. 

Trueman, E.R. and A.D. Ansell (1969) The mechanisms of burrowing into soft substrata by 

marine animals. Oceanogr. Mar. Biol. Ann. Rev. 7:315-366. 

Trueman, E.R., A.R. Brand and P. Davis (1966a) The dynamics of burrowing of some 

common littoral bivalves. J. Exp. Biol. 44:469-492. 

Trueman, E.R., A.R. Brand and P. Davis (1966b) The effect of substrate and shell shape on 

the burrowing of some common bivalves. Proc. malac. Soc. Lond. 37:97-109. 

Stanley, S.M. (1970) Relation of shell form to life habits in Bivalvia (Mollusca). Mem. Geol. 

Soc. Amer. 125: xiii 296 pp. 

Stanley S.M. (1975) Why clams have the shape they have; an experimental analysis of 

burrowing. Paleobiology 1: 48-58. 



Hemidonax J. Malac. Soc. Aust. 5(1-2): 41-64 

The Taxonomic Position of Hemidonax Mörch, 1871 with 
a Review of the Genus (Bivalvia: Cardiacea) 
by W.F. Ponder*, P.H. Colman*, C.M. Yonge** 

and M.H. Colman*** 

ABSTRACT 

Hemidonax Mórch is considered to be sufficiently distinct to justify the recognition of 
the group at family level (Hemidonacidae) within the Cardiacea. The first record of the 
genus is from the late Oligocene or early Miocene of Victoria, Australia, and its 
subsequent fossil history is traced. Five Recentspecies and one subspecies are recognised, 
4 of which are endemic to Australia. One extinct Australian species (Donax dixoni Tate) is 
also recognised. A new Recent species from northern Australia (H. arafurensis nov.) is 
described. 

INTRODUCTION 

The genus Hemidonax Morch, 1871 contains only a few named species, several of which 
are endemic to Australia. The taxonomic position of the genus has been the subject of 
Some controversy and the purpose of this paper is to consider the family position and to 
review the included species. 

Hemidonax has been included by different authors in the Donacidae, the Tancrediidae, 
the Crassatellidae, the Cardiidae and the Hemidonacidae. Apart from the last, all of these 
families are included in different superfamilies, which gives some indication of the degree 
of confusion surrounding the higher classification of this genus. 

MATERIAL AND METHODS 

The majority of specimens examined in detail are housed in either The Australian 
Museum or The Western Australian Museum. The anatomy of two species was examined 
(H. pictus (1 specimen) and H. arafurensis nov. (several specimens) and several cardiid 
species dissected for comparative purposes by W.F.P. and C. M.Y. 

Specimens were examined by W.F.P. in various museums for locality records. Locality 
information was compiled from museum material and records by P.H.C. 

W.F.P. is responsible for the taxonomic work. Because of the lack of preserved material 
of most species, the species taxonomy is based entirely on shell characters. Measurements 
of the shells were made by P.H.C. and analysed by M.H.C. 

Methods employed in analysing dimensions 

The height (H), length (L) and posterior length (PL) of representative samples of shells 
were measured using vernier calipers. The ratios H/L and PL/L were calculated for each 

*Australian Museum, Sydney 

**Zoology Dept., Univ. of Edinburgh 
***56 Park St., Narrabeen, N.S.W. 
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shell and then the means and standard deviations (SD) of each of these dimensions and 

ratios were calculated for each species. Each pair of samples being compared was tested 

statistically for equality of the variances by the variance ratio or F test. If the variances were 

found to be equal then the means were compared using a Student's t-test. If the variances 

were unequal then an approximation of based on the normal distribution was used. A 

significance level of Pe 0.05 was used in the tests. 

Abbreviations used for institutions 

Note: Where the name of institution is not stated the material is housed in The 

Australian Museum, Sydney. 

AMS The Australian Museum, Sydney. 

ANSP Academy of Natural Sciences of Philadelphia, Philadelphia. 

BMNH British Museum (Natural History), London. 

BMR Bureau of Mineral Resources, Canberra. 

MCZ Museum of Comparative Zoology, Harvard University, Cambridge, Boston. 

NHMG Muséum d'Histoire Naturelle de Geneve, Geneva. 

NHMP Muséum National d'Histoire Naturelle, Paris. 

NMV National Museum of Victoria, Melbourne. 

SAM South Australian Museum, Adelaide. 

WAM Western Australian Museum, Perth. 

ZMC Zoological Museum, Copenhagen. 

ZML Rijksmuseum van Natuurlijke Historie, Leiden. 

CLASSIFICATION 

Boss (1971), citing the anatomical description of Hemidonax by Pelseneer (1911), argued 

in favour of the Cardiidae asa location for Hemidonax and rejected its assignment by Keen 

(in Moore) (1969) to the Donacidae (Tellinacea). Boss thought that Hemidonax did not 

belong in the Donacidae because it lacks a cruciform muscle and siphons (with which the 

cruciform muscle is associated), resulting in the absence of a pallial sinus. Although the 

cruciform muscle is not a universal feature in the Tellinacea, being absent in the subfamily 

Novaculininae (Yonge, 1949) in which the siphons cannot be completely withdrawn and in 

Pharus where there is extensive ventral fusion of the mantle lobes absent in other 

Tellinacea (Yonge, 1959), it is a highly characteristic feature of this essentially deposit- 

feeding superfamily. The separate and highly mobile siphons formed exclusively from the 

inner mantle folds and with concentric layers of muscle and collagen fibres (Hoffmann, 

1914; Graham, 1934; Yonge, 1949, 1959; Chapman & Newell, 1956) which are the 

characteristic feature in the Tellinacea are not present in Hemidonax, which is without 

siphons of any kind. 

Hemidonax differs from the Crassatellidae, where it was placed by Pelseneer (1911) and 

Hedley (1906, 1909, 1923), and also from the Carditacea (the two probably better united 

within the superfamily Crassatellacea (Yonge, 1969), in possessing an inhalant opening that 

is structurally separated from the pedal gape. Also, as pointed out by Boss (1971), there is 

considerable difference in dentition. In addition, the predominantly radial sculpture of 

Hemidonax differs from that of the concentrically sculptured astartids and crassatellids. 

There is also no trace in Hemidonax of the prominent mantle glands present in the 

crassatellids (Pelseneer, 1911; Allen, 1968; Prezant, 1979) and in the Carditacea (Yonge, 

1969) both of which also differ from Hemidonax in possessing non-plicate ctenidia. Most 

significant of all, the Astartacea and the Carditacea (i.e. all of the Crassatellacea s. |.) are 
unique in possessing a mantle crest subdivided into five lobes (Yonge, 1969). The mantle 
crest has the usual, undivided form in Hemidonax. 

Boss (1971) maintained that the following features of Hemidonax indicated that it should 
be placed in the Cardiidae rather than the Donacidae:— (1) The shell has relatively strong 
radial ribs and (2) lacks both pallial sinus and cruciform muscle scars. (3) The hinge is similar 
to that of the Cardiidae, differing only in detail. (4) The animal lacks pallial siphons (Boss 

states that the siphons are “simple”), having inhalant and exhalant openings only and, 
therefore, no siphonal retractor muscles are present. (5) The gills are plicate, with both 
inner and outer demibranchs and (6) the adductor muscles are subequal. 
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Boss (1971) also stated that the extensive mantle gape allied Hemidonax with the 
Cardiidae, but Hemidonax actually has a smaller pedal mantle opening than is found in 
either the Cardiidae or the Donacidae. Boss (1971) also pointed out that Hemidonax lacked 
the elongate, geniculate foot, the pedal-byssal groove and the pallial eyes assumed to 
occur in all cardiids and suggested Hemidonax could be placed in a separate subfamily. 

Other features which indicate that Hemidonax is a cardiacean include:— (1) The 
ligament is similar to that of cardiaceans in having anterior and posterior secondary 
(periostracal) extensions to a primarily opisthodetic ligament with accompanying large 
posterior, and very small anterior, outer layers. (2) As in the Cardiidae and in the siphonal 
regions in the Tridacnidae (Yonge, 1981), the middle folds of the mantle margins are 
greatly reduced with sensory tentacles (and eyes where present) on inner folds. 

The ctenidia have the typical cardiid form as described by Kellogg (1915) in 
Clinocardium corbis (=nuttallii (Conrad, 1837) and Atkins (1937) in Cerastoderma edule 
(Linné, 1767) and Parvicardium ovale (Sowerby, 1841) (also observed in the Indo-Pacific 
species listed below by two of us (W.F.P., C. M.Y.), namely a smaller outer demibranch with 
a supra-axial extension and a much larger inner demibranch. In Hemidonax the free edge 
of theouter demibranch reaches only to about the middle of the descending surface of the 
inner demibranch to which it is closely applied. This indicates the probability of direct 
transfer of food particles for passage to the food groove along the free surface of the inner 
demibranch. The presence of a second orally directed current along the axis, as in the 
three species mentioned above, can only be determined in living material. 

The evidence thus overwhelmingly favours the placement of Hemidonax in the 
Cardiacea, but we disagree with Boss's (1971) conclusion that Hemidonax should be 

placed in the family Cardiidae. 

Comparison of the gross anatomy of Hemidonax and of four cardiid species belonging 
to four genera Laevicardium lobulatum (Deshayes, 1855) Fragum (F) fragum (Linn; 1758), 
Acrosterigma enode (Sowerby, 1840), Corculum cardissa (Linné, 1758) has shown the 
following anatomical features separating the Cardiidae and Hemidonax. 

1. Most of the visceral mass in cardiids is contained within a muscular sheath 
continuous with the ventrally placed foot. This has resulted in the visceral mass being 
compressed into a dorso-ventral column in the cardiids whereas in Hemidonax (fig. 2) it is 
spread fairly evenly between antero-posterior and dorso-ventral axes. The pedal muscles 
do not encase much of the visceral mass in Hemidonax and they are much thinner over the 
visceral area than in the cardiids. 

2. The foot in Hemidonax is wide and relatively thin whereas in the Cardiidae it is 
geniculate (i.e. elongate and oval in section). 

3. The ascending lamellae (fig. 2, aid) of the inner demibranchs are not fused to the 
visceral mass in either Hemidonax or the cardiids but in the latter they are fused to one 
another behind the visceral mass by a broad, thin but strong septum. In Hemidonax they 
have only ciliary connections. 

4. The labial palps (fig. 1, olp, ilp) have migrated ventrally (as seen by their elongated 
bases) in the cardiids and lie well below the antero-postero ctenidial axis just ventral to the 
anterior adductor muscle, whereas they are level with the anterior end of the ctenidial axis 
and with the dorsal side of the anterior abductor muscle in Hemidonax. This difference in 
configuration is presumably associated with the changes in orientation of the body related 
to the difference in habits (see below). The ctenidial axis is also altered as a result of the 
different shape of the body and is much more acutely swung downwards towards the 
posterior end in the cardiids than in Hemidonax. The migration of the palps has necessi- 
tated the attachment of the anterior edge of the ascending lamellae of each outer 
demi-branch to the visceral mass over Y3 to % its length in cardiids, whereas it is free in 
Hemidonax. 

5. A prominent, muscular, tongue-like structure (or valvule) ventral to the posterior 
end of the ctenidia arises from the junction between the inhalant and exhalant siphonal 
openings in most, if not all, Cardiidae (Pelseneer, 1911; our observations), but is not 
present in the Tridacnidae. A shorter flap arises from the dorsal side of the tongue. No 
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similar structure was observed in Hemidonax, although a probable homologue is a thin, 
simple fold (fig. 1, fd) between the inhalant and exhalant apertures. The exhalantaperture 
of Hemidonax has a small, muscular flap dorsally which has not been observed in the 
cardiids examined. 

6. The inhalant (fig. 2, ia) and exhalant (fig. 2, ea) apertures are fringed with short, 
simple tentacles in the cardiids and, whereas the inner mantle lobe of the pedal and 
exhalant apertures bears a row of short, simple tentacles in Hemidonax, additional 
complexly branched tentacles supported on thick, trunk-like bases surround the inhalant 
aperture (fig. 3). Cardiid species possess short siphons but the mantle edge around the 
apertures of Hemidonax (in the living specimen of H. pictus examined) scarcely protrudes 
beyond the shell margin. The ventral portion of the exhalant aperture has an extensile 
edge which protrudes like a short, thick tentacle. 

7. A pair of large elevator pedis muscles is present in cardiids but is absent in Hemi- 
donax. 

8. The mantle lobes are widely open ventrally in the Cardiidae but united, by fusion of 
the inner marginal folds, for the posterior third in Hemidonax. 

9. A byssal groove and gland are found in many cardiids but are absent from 
Hemidonax. 

10. Eyes are present on the mantle margins (or tentacles) in most Cardiidae and 
Tridacnidae, but are absent in Hemidonax. 

The shells of Hemidonax and the Cardiidae differ in the following ways:— 

1. The anterior end is shorter than, or equal to, the posterior end in all cardiids but is 
much longer than the posterior end in some species of Hemidonax. 

2. Although essentially similar to that of the Cardiidae, the hinge differs in the 
following details; — 

(a) the anterior cardinal tooth in the left valve is somewhat bifid in Hemidonax and 
simple in cardiids. 

(b) the lateral teeth are not widely separated from the cardinal teeth as they are in 
the Cardiidae. 

(c) the cardiids have a flat plate which partly encloses the ligament and confines it 
to the upper margin of the shell. This plate has the appearance of a 
smooth, flat area between the posterior cardinal tooth and the posterior 
lateral tooth in both valves and seems to be present in all of the 
“subfamilies” of cardiids. The ligament in Hemidonax, on the other hand, 
lies well within the dorsal part of the hinge plate (although it is still an 
external ligament), and the plate-like structure is only rudimentary. 

The smooth, anteriorly extended shells of some species of Hemidonax, which gives 
them a superficial resemblance to Donax, indicates a similarity in habits. They probably 
move about just below the surface of clean sand with the posterior apertures flush with the 
surface. The compressed foot and rather smooth shell surface of mostspecies are probably 
well adapted for relatively rapid burrowing. Unfortunatley the normally sub-littoral habits 
of the temperate species have so far prevented direct observation. These probable habits 
are in sharp contrast to those of the also superficially dwelling but typically globular 
cardiids, which move over the surface of the substrate with the exceptionally powerful 
jerking movements of the geniculate foot. 

In conclusion it appears that Hemidonax shows a sufficient number of differences from 
the Cardiidae to be placed in a distinct family. No currently recognised family grouping 
can conveniently accommodate Hemidonax which, it is proposed, should be given family 
status equivalent to that of the Cardiidae and of the Tridacnidae within the superfamily 
Cardiacea. A full survey of the basic form and adaptions throughout this superfamily is 
planned by C.M.Y. 
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TAXONOMY 

Family Hemidonacidae Iredale & McMichael, 1962. 

Diagnosis. As for genus Hemidonax. 

Genus Hemidonax Mörch, 1871. 

(Malak. Blatt., 17:121. 

Type species (by monotypy): Donax (Serrula) pictus Tryon, 1870. 

Synonym: Donacicardium Vest, 1875 (Jahr. deuts. Malak. Ges., 2:322). 

Type species (original designation): Donax donaciformis (Schroter, 1786). 

Diagnosis. Shell small to moderate in size, usually solid. Anterior end subequal to, or 
longer than posterior end; shape donaciform; sculpture of weak to strong, simple radial 
ribs, often weaker or absent on anterior end. Adductor muscle scars subequal, pallial line 
entire (i.e. lacking a pallial sinus); shell margin with interlocking, coarse crenulations along 
entire length. 

Hinge and ligament generally similar to that of Cardiidae. Right valve with 2anterior and 
2 posterior lateral teeth, the upper lateral teeth fused to shell margin in most species. A 
very weak anterior cardinal and a strong posterior cardinal tooth present. Left valve with a 
single anterior and posterior lateral tooth, a prominent, triangular anterior cardinal tooth 
and a small, usually lamellate, posterior cardinal tooth. Ligament opisthodetic, with 
anterior and posterior secondary (periostracal) extensions; not partially enclosed by a 
shelly extension of the resilifer as in Cardiidae. 

Animal with no siphons, an extensive pedal gape, a broad foot with no byssal groove, 
and no pallial eyes. Other anatomic characteristics which separate Hemidonax from the 
Cardiidae are discussed under Classifiction. 

Remarks. The features which distinguish this family from the Cardiidae are discussed in 
detail under Classification. 

When introducing his new genus Morch included only one binomial name (Donax 
pictus Tryon) and two non-binomial names so the selection of the type species is by 
monotypy. 

Lamy (1917) regarded Hemidonax as a monotypic genus but Hedley (1923) recognised 5 
Australian species, one of which he described as new. Boss (1971) listed the 7 available 
nomina in the genus but did not comment on their validity as species taxa. In the present 
revision we recognise five Recent species, one on which consists of two subspecies, and 
one extinct species. 

Key to the Recent species and subspecies of Hemidonax 

Because of the considerable similarity in the shells of species of Hemidonax and the 
changes in form that they undergo during growth, the following key should be used only 
with subadult and adult specimens. 

Team nadialiribsistrongroverswholeiSUTfaCem. arar araya zarif 2 

Radial ribs weak or absent on anterior“end.............................................................əəl 3 

2. Shell large (mean length 25mm), 
subpolygonal, hinge heavy, radial 
ribs heavy Srihari hoch LİY OTLU LL LOT donaciformis donaciformis 

Shell small (mean length 15mm), 
subtriangular, hinge rather weak, 
radial ribs usually rather E o anaana r reete chapmani 

3. Shell with almost straight ventro- 
розепозртагә пт iu IURE TET UON UTITUR UBI dactylus 
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Shell with distinctly concave 
ventro-posterior margin ...... әәмәкхәәнкәнәәнәикәәнәнәнәнәнә—кәннәнкәәнәәән 4 

4. Posterior end about 12 length of "ə 
Giya Aah Yasamal axi RE donaciformis australiensis: 

Posterior end about 1/3 length of 
SHE] 2e osea tte dai et mem ream mra m Ho HA Aa eu aod E bayra, 5 

5. Anterior lateral tooth long 
(about 1/3 length of anterior 
епајо Нуһ) ДА todo mta data a ayani pictus 

Anterior lateral tooth short 
(about 1/s length of anterior 
eridfofishell Wm outer ner Nm oe ortu rete tup abo, ce amd ECHTE arafurensis nov, 

Hemidonax donaciformis donaciformis (Schröter, 1786). Figs 9, 10, 12. Plate 1, figs 1-5. 

Cardium medium Lamark var. Chemnitz, 1782, Conch. Cab., VI, pl. 16, fig. 165 (non 
binomial). 

Cardium donaciforme (Spengler) Chemnitz, 1782, Conch. Cab., VI, p. 171 (non 
binomial). 

Cardium donaciforme (Spengler) Schróter, 1786, Einleit. Conch., 2: pl. 7, fig. 14; 3: 68 
(type locality: unknown, subsequently given as Philippine Islands (Romer, 1869, Syst. 
Conch. Cab., 10 (3): 100). 

Cardium donaceum Spengler, 1798, Skrivt. Naturh. Selsk, 6: 37 (type locality: 
Drontheim, Norway. Error). 

Donax cardioides Lamarck, 1818, Anim. sans Vert., 5: 550 (type locality: mers de la 
Nouvelle-Hollande ù Vit Saint Pierre-Saint Francois (Nuyts Archipelago, Great 
Australian Bight)), Delessert, 1841, Rec. coq. Lamarck, pl. 6, figs 14a, b, c. 

Hemidonax donaciformis. — Lamy, 1917, J. Conch. (Paris), 62: 264-270 (gives full 
synonymy). 

Hemidonax donacaeiformis (sic!). — Popenoe & Kleinpell, 1978, Occas. Pap. Calif. Acad. 
Sci., 129: pl. 14, figs 181, 182. 

Shell: Of rather large size, solid, anterior and posterior ends about equal in length, 
ventral margin convex except for slight indentation near posterior end, beaks high, 
prominent; posterior end with prominent, rounded, diagonal ridge from umbo to ventral 
margin. Thirty to 40 flat-topped radial ridges with narrow to equal-sized interspaces, ribs 
becoming weaker on anterior end of shell. Inner ventral margin coarsely crenulated along 
entire length; edge of valve also with extremely fine crenulations. 

Hinge: Right valve with strong, lower anterior and posterior lateral teeth separated by a 
deep socket from upper lateral teeth which are fused to hinge margin. Anterior lower 
lateral tooth moderately long, posterior lower lateral tooth short. Anterior cardinal tooth 
very weak, fused to inner end of lower anterior lateral tooth. Posterior cardinal tooth 
narrow, longitudinally grooved, separated from resilifer by a shallow, narrow groove. A 
very shallow groove separates upper anterior lateral tooth from hinge margin in some 
specimens. Left valve with strong anterior and posterior lateral teeth, a prominent, 
triangular anterior cardinal tooth and a small, lamellate posterior cardinal tooth adjacent 
to edge of resilifer (figs 9, 10). 

Colour: White to brown, often with brown to purplish-brown markings, especially on 
posterior end; interior white, sometimes with small purple or orange blotches. 

Dimensions: See table 1 

Types. Cardium donaciforme and C. donaceum (pl. 3, figs 1,2), ZMC. A reproduction of 
Schroter's figure of D. donaciformie is given in plate 1, fig. 1. Donax cardioides. There are 

two lots marked “type” in the NHMG. In one lot (No. 1083/82) of 3 complete specimens 2 
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are H. donaciformis and 1 is H. pictus (Tryon). One of the specimens of H. donaciformis 
agrees fairly well with the specimen figured by Delessert (reproduced in plate 1, figs. 2-4), 
although there are slight differences in colour pattern. Another lot marked cardioides 
Lamarck var. (No. 1083/83) is also H. pictus. Two lots in NHMP are marked cardioides 
Lamarck and have probably been identified by the author; one lot of 3 complete 
specimens is from the Islands St Pierre and St Francois, coll. Peron and Lesueur, 1803, and 
another lot of 3 complete specimens is from Nouvelle-Hollande, coll. Peron and Lesueur, 
1803. All of the specimens in the NHMP are Australian species. In order that this name be 
stabilized in conformity with the present usage of species names in this group the 
specimen which appears to be that figured by Delessert in the NHMG, No. 1083.82.1 
is chosen as the lectotype. It measures 25.8mm in length and 19.1mm in height. This action 
retains /dibakx cardioides as a junior synonym of H. donaciformis, although the type 
locality cited by Lamarck is not compatable with the distribution of the species. 

Additional Material Examined. Philippines: Luzon Is.,Cataoyan Reef, S.E. Polillo Is. 
(WAM); Matabungkay; Subic Bay (MCZ); Marivales, Bataan (MCZ); Nasasa Bay, San 
Antonio (MCZ); Tabaco (ANSP, NMV); San Juan; Awazan Beach, Tegoawayan; 

Macabunki, Lubang ls., Tilic Beach (MCZ); Tilic Bay (MCZ); Mindoro ls. Balatero Bay, 
Galera (MCZ); Calapan (MCZ). Palawan Is., Dumaran Is (MCZ); Cuyu Is., (MCZ); Puerto 
Princessa (ANSP). Negros Is. (ANSP). Cebu Is., Cebu City (MCZ, ANSP). Bohol Is., 
Tagbilaran (MCZ). Mindanao ls., Placer (MCZ). Sulu Archipelago, Natalio Odon, Laminusa 
(ANSP); Bongao Channel, SW end Sanga Sanga 15. (ANSP); South Lagoon, Sibutu (WAM). 
Malaysia-Sabah: Bohaydulong Is. (ANSP); Semporna (NMV). Indonesia: Moluccas, 
Ambon (MCZ); Kasiruta Is. (MCZ); Manipa Is. (MCZ). Java-Madura, Bali. West Irian, 
Jefman Is. (ZML); Mios Woendi Atoll, Padaido Ids. (2 lots, ANSP); Manokwari (ZML). 

Fossil Record. Late Pliocene-early Pleistoecene, Vigo Group, Bondoc Peninsula, Luzon, 
Philippines (Dickerson, 1922 (as Cardium donaciformis Cuming), Popenoe & Kleinpell, 
1978). (California Academy of Sciences, Dept. Paleont., No. 2426). One immature left 
valve. 

Remarks. This species is restricted to the Philippines, eastern Indonesia and western 
West Irian and is easily distinguished from the Australian subspecies. Lamy (1917) reduced 
Donax pictus Tryon and Cardium australiensis Reeve to synonyms of H. donaciformis but 
his revision was based on very limited material. Differences ij shell shape, sculpture and 
hinge details noted below indicate that australiensis can be regarded as a geographically 
isolated subspecies of H. donaciformis and that H. pictus is a separate species. 

Quoy and Gaimard (1834) described and figured “Cardium cardioides" from New 
Guinea and their figure is of a specimen of H. donaciformis donaciformis. The only records 
of the species in this area are from north-western West Irian; there are none from Papua- 
New Guinea. However, it is probably more widespread than is indicated by the available 
material. 

Dickerson (1921, 1922) recorded this species from the “Miocene” (=Upper Pliocene — 
early Pleistocene, Popenoe & Kleinpell, 1978) of the Philippines. Comparison of the single 
fossil specimen with the living species shows it to be identical. It is figured by Dickerson 
(1922, pl. 6, figs. 9a, 9b) and Popenoee & Kleinpell (1978, pl. 14, figs 181, 182) and is 
immature, being only 18.8mm in length. 

Hemidonax donaciformis australiensis Reeve, 1844). Fig. 12. Plate 1, figs 6-9. 

Cardium australiense Reeve, 1844, Conch. Icon., 2, Cardium, Pl. 5, fig. 24 (type locality: 
Port Lincoln, South Australia. Error for North (Western) Australia); Reeve, 1845, Proc. Zool. 
Soc. Lond., 1844: 168. 

Donacicardium australiense — Vest, 1876, Jahr. deuts. Malak. Ges., 3: 291, pl. 10. fig. 1. 

Hemidonax donaciformis.— Wilson & Stevenson, 1977, West. Aust. Mus. Spec. Publ., 9: 
10 (non Schröter, 1786). 

Shell: Of moderate size, rather solid, anterior end slightly longer to slightly shorter than 
posterior end, ventral margin convex except for slight indentation near posterior end; 
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beaks high, prominent; posterior end with prominent, rounded, diagonal ridge from 
umbo to ventral margin. About 20 weak, flat-topped radial cords with narrow interspaces 
on posterior half of shell, anterior half with weak radial scratches; whole surface 
sculptured with concentric growth lines. Internal ventral margin coarsely crenulated 
along entire length, anterior end of some specimens very finely crenulated on edge of 
valve. 

Hinge: Right valve with moderately long anterior and posterior lateral teeth, each pair 
separated by a deep socket; upper lateral tooth very weak and almost merged with shell 
margin, lower lateral tooth strong. Anterior cardinal tooth very weak, fused to inner end of 
anterior lateral tooth and appearing to be a continuation of it. Posterior cardinal tooth 
thin, weakly grooved in lectotype, sometimes single, separated from edge of resilifer by a 
narrow, rather shallow groove. A narrow groove separates upper anterior lateral tooth and 
anterior cardinal tooth. Left valve with strong, anterior and posterior lateral teeth; a 
strong, triangular anterior cardinal tooth and a small, lamellate posterior cardinal tooth. 
Hinge line rather strong. 

Colour: White, sometimes with purple markings on shell margins above lateral teeth 
and zig-zag brown or purple markings on posterior margin and, in some specimens, on 
body of shell. Interior white. 

Dimensions: See table 1. 

Type. None of the material in the BMNH agrees with Reeve's figure. The several 
specimens labelled australiense include several species. A single specimen in the NMV 
agrees with Reeve's figure and originated from the H. Cuming collection. It is labelled with 
Reeve's name and the locality given is “N. Australia". A specimen of H. donaciformis 
donaciformis from the Cuming collection, also in the NMV, is labelled australiense and the 
locality given is “Port Lincoln, S. Australia". It is probable that labels have been mixed, 
possibly even by Cuming or Reeve. The specimen labelled “N. Australia” is likely to be the 
specimen figured by Reeve and is here selected as the lectotype (NMV No.. 19128). There 
are several other Reeve types in the NMV amongst specimens purchased from Reeve and 
Cuming (B. J. Smith, pers. comm.) 

Dimensions of Lectotype. Length 25.8mm, height 17.9mm. 

Additional Material Examined. Western Australia: Dampier Archipelago (WAM, 3 lots); 
Monte Bello Is.; Barrow 15. (WAM, 4 lots; AMS). 

Fossil Record. Pleistocene, Barrow Is., north Western Australia, beach deposit in S.E. 
corner, approx. 2.5m above H.W.M.,3 specimens (WAM, 74.1110, a-c). 

Remarks. The only material examined that agrees closely with the lectotype are a few 
lots from north Western Australia. Other specimens from north Western Australia have a 
shorter posterior end and brighter coloration and these are here regarded as a separate 
taxon which is described and contrasted below. 

Although similar to H. pictus in most features, H. donaciformis australiensis is easily 
distinguished from that species in having much shorter anterior lateral teeth in both valves 
and in usually having a relatively longer posterior end. It differs from the typical subspecies 
in having fewer radial ribs, the anterior end being almost smooth instead of ribbed, a 
significantly lower height/length ratio and relatively longer posterior lower lateral teeth. 

The fossil material of this subspecies agrees closely with the Recent form in shape but has 
stronger radial ribbing which extends further anteriorly than in most Recent shells. This 
suggests that the Pleistocene north Western Australian population of H. donaciformis had 
a greater resemblance to H. donaciformis donaciformis than do the Recent populations. 

Hemidonax pictus (Tryon, 1870) Figs 6, 7, 12. Plate 2, figs 1-5. 

Cardium australiense.— Angas, 1867, Proc. zool. Soc. Lond. (1867): 925 (non Reeve, 
1844). 

Donax (Serrula) pictus Tryon, 1870, Amer. J. Conch, 6: 23, Pl. 1, fig. 1 (no locality given; = 
eastern Australia). 
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Hemicardia donaciformis — Brazier, 1880, Proc. Linn. Soc. N.S.W. 5,847 (non Schróter, 

1786). 
Cardium donaciforme.— Whitelegge, 1889, Proc. R. Soc. N.S.W., 23: 241 (non Schroter, 

1786). 
Hemidonax donaciforme. — Hedley, 1909, Proc. Linn. Soc. N.S.W., 34: 425 (non 

Schroter, 1786). 

Hemidonax australiensis.— Hedley, 1918, JI. R. Soc. N.S.W. (Suppl.),51: M16 (non Reeve, 
1844). 

Shell: Of large size, solid, anterior end slightly longer than posterior end, ventral margin 
convex except for an indentation near posterior end; beaks high, prominent; posterior 
end with prominent, rounded, diagonal ridge from umbo to ventral margin. Numerous, 
weak, narrow radial ridges on posterior half of shell, interspaces of about equal width to 
ridges and each sculptured with 1-2 weak radial striae: Anterior half of shell with radial ribs 
of most specimens becoming subobsolete towards anterior end and having, usually, 
extremely fine radial striae. Internal ventral margin strongly crenulated along entire length 
and finely cenulated on outer edge of valve at anterior end. 

Hinge: Very similar to that of H. donaciformis donaciformis but lateral teeth slightly 
weaker, anterior lateral teeth relatively longer and hinge line narrower (Figs 6, 7). 

Colour: White to brown, with brown to purple radial or zig-zag markings on exterior 

surface of most specimens, especially on radial ribs. Interior white, with purple blotches 

on some specimens. 
Dimensions: See table 1. 
Holotype. ANSP, No. 51562. 
Dimensions of holotype. Length: 37.5 mm, height 28.88 mm. 

Additional Material Examined. New South Wales: Port Jackson, Sydney; Collaroy area (4 
lots); Palm Beach (WAM); Broken Bay area (9 lots); Blacksmiths Beach, Swansea; Port 
Stephens area (7 lots); Byron Bay (2 lots). Queensland: Coolangatta; Southport; 
Stradbroke Is. (2 lots); Moreton Is. (WAM); Caloundra (3 lots); Bargara, near Bundaberg; 
Tannum Sands (2 lots); Keppel Bay (2 lots); Port Curtis area (4 lots, 1 lot 18 m): Pialba, 
Hervey Bay; River Don delta Bowen (WAM); Innisfail (2 lots); Annan River near 
Cooktown. 

Fossil Records. Upper Pliocene — Lower Pleistocene: Era River, Gulf of Papua, Papua 
New Guinea (BMR, O.S./NK6) (1 valve). Cape Possession, Gulf of Papua, Papua New 
Guinea (BMR,F. 7237) (2 valves). 

Remarks. This species is restricted to eastern Australia, being more common, and 
reaching a larger size, in New South Wales than in Queensland. It differs from H. 
donaciformis in attaining a larger size, havinga relatively longer anterior end, and having a 
slightly narrower hinge line, weaker lateral teeth and more elongate anterior lateral teeth. 
The external radial sculpture differs in being weaker and is confined to the posterior end in 
most specimens of H. pictus which is also more brightly coloured than is usual in H. 
donaciformis. Some specimens from north Queensland have strong radial sculpture 
persisting over the whole exterior surface but they show the other differentiating features 
of H. pictus and so can readily be separated from H. donaciformis and H. chapmani. 

Upper Pliocene — Lower Pleistocene specimens are known from Papua New Guinea in 
the Gulf of Papua area (pl. 2, figs. 4, 5). These records represent a northern extension of the 
known present range. The specimens agree in most respects with Recent material but are 
of ligher build and have slightly weaker sculpture. 

Hemidonax chapmani Gatliff & Gabriel, 1923, Fig. 12. Plate 1, figs 10-14. 

Donax cardioides.— Tate, 1887, Trans. R. Soc. S. Aust., 9: 86; Pritchard & Gatliff, 1903, 
Proc. R. Soc. Vict., 16: 119 (non Lamarck, 1818). 

Hemidonax australiense.— Gatliff & Gabriel, 1914, Vict. Nat., 31: 83 (non Reeve, 1844). 
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Hemidonax chapmani Gatliff & Gabriel, 1923, Vict. Nat., 40: 10, pl. 2 (type locality: San 
Remo, ocean beach, Victoria, Australia). 

Deltachion chapmani.—Cotton, 1961, South Australian Mollusca — Pelecypoda: 285, 
fig. 313. 

Shell: small, rather solid, anterior end about twice as long as posterior end, ventra| 
margin convex except for a very slight indentation near posterior end, beaks rather low, 
rounded; posterior end with prominent, rounded, diagonal ridge from umbo to ventra| 
margin. Whole surface except extreme anterior end had close, weak, flat-topped radia| 
ribs. Inner ventral margin coarsely crenulated along entire length. 

Hinge: Right valve with short lateral teeth, the posterior lateral tooth about Y? length of 
anterior tooth, outer lateral teeth fused to margin and weak. Anterior cardinal tooth very 
thin, fused to inner end of outer anterior lateral tooth. Posterior cardinal tooth rather thin, 
separated from edge of resilifer by a distinct furrow and well separated from upper 
posterior lateral tooth. Left valve with single, strong anterior cardinal tooth and a small, 
very weak, lamella-like posterior cardinal tooth. 

Colour: White with purple tinge near umbos and brown to purple zig-zag and radial 
markings on exterior surface in most specimens. Interior white with purple blotches that 
are extensive in most specimens; pallial line diffuse pale-orange in some specimens. 

Dimensions: See table 1 

Types. Lectotype (here chosen) (F512a) (1 valve) and 2 paralectotypes (F 512eb(1 valve) 
and F513 (2 valves ), NMV. 5 paralectotypes (single valves), AMS, C.117896. 

Dimensions of Lectotype. Length 21.66mm, height 15.5 mm. 

Additional Material Examined. Western Australia: Cottesloe; Thomson Bay, Rottnest Is.; 
Pt. Peron; Garden Is., Rockingham Bay (2 lots); off Fremantle, 15m (WAM); Safety Bay; 
Windy Harbour (3 lots) (WAM); E. of Cheyne Bay, 75m; Malimup, Black Point (WAM): off 
Hood Point, 79 m; Hopetoun. South Australia: 80 km SE of Kangaroo Is.,77m; Spencer 
Gulf; Royston Head (3 lots). Victoria: Phillip Is. (WAM); Western Port Bay (2 lots); San 
Remo (2 lots). 

Fossil Records. Western Australia. Pliocene. All Ascot beds, central Perth Basin: Kewdale 
(5, WAM); Redcliffe (6, 3 lots, WAM); Thornlie (several, 4 lots, WAM); Muchea (1, WAM), 
Early Pleistocene. Early Pleistocene beds of the Perth Basin, mostly from bores. Paulik’s 
bore, landakot (46 lots, WAM); Jandakot Cement Works bore (13 lots, WAM), Adrians 
Nursery bore, Jandakot (many, 2 lots, WAM); Jandakot exploratory bores (4, 3 lots, 
WAM); Success (2, WAM); Wanneroo (several, WAM); Atwell (4, 2 lots, WAM); Pinjarra 
West (5, WAM); West Coolup (1, WAM); Myalup (1, WAM). Late Pleistocene. Tamala 
Limestone: Coogee, S. of Fremantle, from quarry (1, WAM); Lake Clifton, from quarry, S. 
of Mandurah (2, WAM); Singleton (2, WAM); Ocean Reef, Beenyup (8, WAM). 

The ages of the material listed above are given on the authority of Mr. G. W. Kendrick, of 
the Western Australian Museum. 

Remarks. Hemidonax chapmani can be distinguished from the other two temperate 
Australian species by its small size and by having prominent radial sculpture over the 
whole surface. A new species possibly related to H. chapmani is found in northern 
Australia and is described below. 

A south Western Australian Pliocene-Pleistocene ancestral form of H. chapmani is 
represented by a large amount of material, mainly from bores. It has fewer, broader ribs 
(11-20, mean 15.6)* than Recent shells (PI. 1, fig. 14). Specimens with few ribs also tend to 
have a shorter posterior end than most Recent shells. There is, however, considerable 
variation in rib numbers within the material examined and we can make no satisfactory 
consistent distinction between Recent and fossil series on this or other characters. Upper 
Pleistocene — Holocene material has a similar rib count to Recent specimens (18-30, mean 
21.8; Recent 15-24, mean 20) whereas Pliocene specimens, while having a lower mean rib- 
Foot note : N 
* Rib counts exclude those ribs posterior to the posterior angulation. 
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count than Recent specimens, have a higher number than those from the lower 
Pleistocene (13-20, mean 17.3). 

Hemidonax arafurensis sp. nov. Figs 1-5, 11, 12. Plate 1, figs 6-9. 

Hemidonax donaciforme.— Hedley, 1918, Proc. R. Geog. Soc. S. Aust., 18: 271 (non 

Schroter, 1786). 

Shell: Small, solid, anterior end about 1% times as long as posterior end, ventral margin 
weakly convex except for slight indentation near posterior end; beaks rather low, 
rounded, posterior end with prominent, rounded, diagonal ridge from umbo to ventral 
margin. About 20 moderately strong, rounded, radial ribs with narrow interspaces on 
posterior half of shell, anterior half with weak radial striae; whole surface with concentric 
growth lines. Inner ventral margin crenulated along entire length; edge of valve with very 
fine crenulations in some specimens. 

Hinge: Right valve with moderately long anterior lateral teeth and short posterior lateral 
teeth, both pairs of lateral teeth separated by a deep socket; upper lateral teeth almost 
completely fused to shell margin; lower lateral teeth strong. Anterior cardinal tooth small, 
separated from lower anterior lateral tooth by a shallow groove. Posterior cardinal tooth 
thin, simple, separated from edge of resilifer by a deep, narrow socket. Upper anterior 
lateral and anterior cardinal teeth not completely separated by a groove, surface of area 
between them, and above inner part of upper anterior lateral tooth, finely granular. Left 
valve with single, strong, anterior and posterior lateral teeth; posterior tooth short. 
Anterior cardinal tooth strong, triangular; posterior cardinal tooth small, lamellate. Hinge 
line rather long (figs 4, 5). 

Colour: White, with some purplish-brovvn, zig-zag, radial or dot-like markings over the 
exterior surface of most specimens. Interior white, typically with pale-purplish blotches. 

Dimensions: See table 1. 

Types. Holotype (C.117895) and many paratypes(C.72967, C.72970 (wet), C.90614), AMS: 
2 paratypes WAM, 1 paratype NMV, 1 paratype Auckland Institute and Museum, 
Auckland, New Zealand, 1 paratype Museums and Art Galleries of the Northern Territory. 

Dimensions of Holotype. Length 24.4 mm, height 16.2 mm. 

Type locality. Sandbar off Emery Point, Darwin, Northern Territory, Australia, 26 Oct. 

1969, coll. P.H. Colman; alive at low tide in sand. 

Additional Material Examined. Northern Territory: Off Point Charles, 14-17 m; Darwin 
area (3 lots). Western Australia: Buccaneer Archipelago; Broome, 13 m; Lagrange Bay; 
Dampier Archipelago (WAM, 2 lots); North West Australia (WAM). 

Remarks. This species can be distinguished easily from H. pictus by its much shorter 
anterior lateral teeth, the lack of a distinct groove between the upper anterior 
lateral tooth and the anterior cardinal tooth in the right valve and the simple (not grooved) 
right posterior cardinal tooth. In addition H. pictus is much larger and only a very few 
specimens develop purple blotches internally. The southern H. chapmani has a more 
triangular shell and has well-developed radial sculpture over the whole surface. H. 
dactylus Hedley differs in its larger, lighter shell and evenly-convex ventral margin as well 
as in hinge details. H. donaciformis australiensis can be distinguished by its longer 
posterior end and white interior. The hinge of H. donaciformis australiensis differs from 
that of H. arafurensis in having longer posterior lateral teeth, an indistinct anterior cardinal 
tooth in the right valve and a narrow groove in the area between the inner end of the 
upper anterior lateral and anterior cardinal teeth. In H. arafurensis this area is not grooved. 

This species is apparently sympatric with H. donaciformis australiensis in the Dampier 
Archipelago, north Western Australia because both species are represented by fresh 
specimens in two samples in the WAM. 

Hemidonax dactylus, Hedley, 1923. Fig. 12. Plate 2, figs 9-11. 

Hemidonax dactylus Hedley, 1923, Proc. Linn. Soc. N.S.W., 41: 303, pl. 31, fig. 13 (type 
locality: Kiama, New South Wales, Australia). 
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Shell: Of moderate size, rather thin, anterior end slightly longer than posterior end with 
low diagonal ridge running from umbo to ventral margin. Weak radial ribs on posterior 
half of shell become obsolete on anterior half but are replaced by extremely fine radial 
striae. Internal margin crenulated along entire length, anterior end with coarse 
crenulation on inside edge and very fine crenulation on outer edge. 

Hinge: Right valve with long anterior lateral teeth and short posterior lateral teeth, both 
pairs separated by a deep socket; upper lateral teeth very weak and fused to shell margin, 
lower lateral teeth moderately strong but weaker than in other species of genus. Anterior 
cardinal tooth small, lamella-like, fused to inner end of lower anterior lateral tooth. 
Posterior cardinal tooth rather strong, grooved, separated from edge of resilifer by a 
narrow, shallow groove. Inner end of upper anterior lateral tooth well separated from 
anterior cardinal tooth which meets shell margin only. Left valve with relatively weak 
lateral teeth, a strong triangular or sub-bifid anterior cardinal tooth and a weak, lamellate, 
posterior cardinal tooth attached to edge of resilifer. Hinge plate narrow. 

Colour: White to fawn, with brown to purplish-brown markings externally. Interior 
white to pinkish, orange or purple. 

Dimensions: See table 1. 

Type. Holotype, AMS, C.47619 (2 valves). 

Dimensions of holotype. Length 27mm, height 16.7 mm. 

Additional Material Examined. New South Wales: Twofold Bay (2 lots); Batemans Bay; 
Sussex Inlet, Wreck Bay; Gerringong; Seven Mile Beach, Wollongong; Botany Bay area (5 
lots); E. of Sydney, 75-150 m; Sydney area (7 lots); Manly; Collaroy Beach (3 lots); Broken 
Bay area (7 lots); Tuggerah Lakes; Port Stephens (5 lots); off Cape Hawke, 82 m; Laurieton 
Beach; Pt. Macquarie (WAM); South West Rocks; Angourie (2 lots); Clarence River 
mouth; Ballina (WAM); Byron Bay (2 lots); Tweed Heads. Queensland: Coolangatta (2 
lots); Nerang River, Southport; Southport; North Stradbroke Is. (3 lots) (1 lot, WAM); 
Hervey Bay; Port Curtis area (5 lots, 1 lot 13 m); Mackay; Buchans Point, near Cairns 
(WAM); Albany Passage, Cape York Peninsula, 7-26 m. 

Remarks. This species differs from the others in the genus by its light build, elongate 
shape and narrow hinge line. There are also differences in coloration and hinge details. It is 
sympatric with H. pictus and seems to share a similar habitat, shells being found washed up 
mostly on open coastal beaches. 

Wilson & Stevenson (1977: 10) indicate that they believe this species to be synonymous 
with H. chapmani. We cannot agree with this conclusion for the reasons advanced above. 

Hemidonax dixoni (Tate, 1887). Plate 1, figs 15, 16. 

Donax dixoni Tate, 1887, Trans. R. Soc. S. Aust.,9: 169, pl. 16, fig. 15 (Lower beds, Muddy 
Creek, Victoria, Australia; Dennant & Kitson, 1903, Rec. Geol. Surv. Vict., 1 (2): 125. 

Shell: Small, of rather light build, anterior end only slightly longer than posterior end, 
ventral margin evenly convex; beaks rather low butsomewhat pointed; posterior end with 
very weak to absent diagonal ridge. Anterior 74 of exterior with subobsolete radial lines, 
remainder of shell with rounded, low radial ribs with linear interspaces. Internal margin 
coarsely crenulated along entire length. 

DIMENSIONS OF TYPES 

Length height length of posterior end 

Lectotype 12.3 mm 9.1 mm 5.7 mm 

Paralectotypes 10.2 6.6 4.5 

11.3 8.4 4.6 
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Hinge: Similar to that of H. arafurensis nov. but somewhat weaker, with slightly longer 
anterior lateral teeth. Right valve with a stronger, thicker posterior cardinal tooth; left 
valve with upper lateral teeth very weak and fused to shell margin, the groove between 
upper and lower laterals being almost obsolete. 

Types. Lectotype (here chosen) and 9 paralectotypes, SAM (T1201). The dimensions 
given by Tate best fit a small specimen, a right valve, whereas his figure agrees with the 
specimen here chosen as the lectotype. 2 

Additional Material Examined. Middle Miocene. Muddy Creek Formation, lower beds, 
Muddy Creek, Hamilton, Victoria (topotypes, NMV). Fyansford Formation, Shelford 
(probably = Red Hill), Victoria (NMV). Lower Pliocene. Grange Burn Formation, upper 
beds, Muddy Creek, Hamilton, Victoria (NMV). (?) Early Pleistocene. Glenelg River, W. 
Victoria, Werrikoo Limestone (WAM). 

Remarks. Apart from the type series, the material available of this species, is immature 
and mostly worn. The early pliocene material consists of two juveniles and the Early 
Pleistocene record is based on a single juvenile, all of which compare much more closely 
with H. dixoni than with Pliocene specimens of H. chapmani. The very coarse radial 
ribbing seen in the Pliocene material of H. chapmani is in sharp contrast to that of H. 
dixoni. 

This species lacks the long anterior lateral tooth and fine anterior radial striae of H. pictus 
and H. dactylus and appears to have only oneseries of crenulations on the ventro-anterior 
valve margin. For these reasons H. dixoni is not considered to be ancestral to H. dactylus 
and H. pictus. 

Three small valves (fig. 5) from the late Oligocene or early Miocene of Maude, Victoria 
(Lower Maude Limestone) in the NMV (P. 58000-58002) appear to represent an 
undescribed form which is probably ancestral to both H. chapmani and H. dixoni. These 
specimens are triangular in outline and rather coarsely ribbed over almost the entire 
surface. The available material is not adequate for a name to be provided for this form. 
These specimens were recorded by Dennant & Kitson (1903) as H. dixoni. 

Results of Analysis of Dimensions 

The analysis of the shell dimensions showed that all the taxa could be separated. For the 
height/length (H/L) ratio there were significant differences between all taxa except 
between H. pictus and H. donaciformis australiensis, H. pictus and H. arafurensis, and H. 
donaciformis australiensis and H. chapmani. For the posterior length/length (PL/L) ratio 
there were significant differences between all taxa except between H. donaciformis 
donaciformis and H. donaciformis australiensis and H. pictus and H. chapmani (see tables 2 
and 3). 

DISCUSSION 

The Evolution of the Species of Hemidonax 

The fossil record of Hemidonax is sparse but sufficient to build a speculative model for 
the evolution of the group. Its earliest origins are unknown, the first appearance being in 
the late Oligocene or early Miocene of Victoria, southern Australia where itis known from 
3 immature, poorly-preserved specimens (fig. 5). The genus is not known in the rich 
Miocene faunas of Indonesia but is first seen in the tropical Indo-pacific in the late 
Pliocene early Pleistocene of the Philippines. It is postulated that, probably in the late 

Miocene, this tropical element was derived from a stock present in tropical Australia but 
not represented in the Australian Miocene fossil record because of the absence of suitable 
fossil deposits in northern Australia. A south-western Pacific derivative of this northern 

form probably became adapted to burrowing in fine substrate by developing an almost 
smooth, elongate, anterior end. This form may have evolved in eastern Australia (as the 

ancestor of H. dactylus) and may have been able to spread south during a warm period. It 
may have become isolated in the temperate to warm-temperate waters of the east coast, 

because of the development of some sort of barrier to dispersal. This possibly came about 
during a period of low sea level in the Pliocene which may have greatly reduced suitable 
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habitats along most of the Queensland coast. A further invasion of the tropical western 
Pacific isolate, which evolved into H. pictus, probably occured in the late Pliocene or 
Pleistocene (H. pictus is known from the late Pliocene —Pleistocene of the Gulf of Papua), 
and resulted in the spread of H. pictus along the eastern coast of Australia to become 
sympatric with H. dactylus. These two forms are similar in their elongate shape, long 
anterior lateral teeth and fine radial striae on the anterior end of the shell. 

The tropical H. donaciformis donaciformis is apparently adapted to living in coarse coral 
sand, probably in environments of lower energy than those of H. pictus and H. dactylus. 
Consequently the shell is more cardiform, the anterior and posterior ends being about 
equal in length, and its whole surface is sculptured with coarse radial ribs. Thisspecies may 
have been derived from a north-western Australian form now represented by H. 
arafurensis. A southwards invasion of H. donaciformis may have occurred during the 
Pleistocene and, subsequently, a break-down in dispersal allowed the differentiation of H. 
donaciformis australiensis. Hemidonax arafurensis and H. donaciformis australiensis are 
now sympatric in at least one locality in north-western Australia. They are both more 
elongate than H. donaciformis donaciformis and their shells have relatively smoother 
anterior ends. One form (H. arafurensis) is donaciform with a short posterior end and the 
other (H. donaciformis australiensis) has a relatively elongate posterior end. 

The southern Australian Oligocene or early Miocene species appears to have given rise 
to two species, H. dixoni in western Victoria ranging from Miocene to Pliocene (and 
possibly Pleistocene), and H. chapmani in south Western Australia, first appearing in the 
Pliocene. Hemidonax chapmani subsequently invaded southern Australia, including 
Victoria, probably in the Pleistocene. 
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Figure 2. Animal removed from shell and most of right mantle cut away; right ctenidia 
and palps also removed. 

Key to abbreviations used in figures 1-2. 
a anus 
aa anterior adductor muscle 
aid ascending limb of inner demibranch 
aod ascending limb of outer demibranch 
apr anterior pedal retractor muscle 
did descending limb of inner demibranch 
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dod descending limb of outer demibranch 
ea exhalant aperture 
f foot 
fd fold between exhalant and inhalant apertures 
ga ctenidial axis 
i intestine 
ia inhalant aperture 
ilp inner labial palp 
k kidney 
me mantle edge 
met mantle edge tentacle 
olb outer labial palp 
p pericardium 
pa pedal aperture 
pam posterior adductor muscle 
ppr posterior pedal retractor muscle 
sae supra-axial extension of ascending limb of outer demibranch. 

Figure 3. Tentacle from inhalant aperture. 

Figures 1-3. Hemidonax arafurensis nov. 
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Figs 4-10. 4, 5. Hemidonax arafurensis sp. nov. Hinge of right (4) and left (5) valves. 
Paratype (C.72967). 6, 7. Hemidonax pictus (Tyron). Hinge of left (6) and right (7) valves. 
Caloundra, Queensland (AMS, C. 91610). 8 Hemidonax sp., cf. dixoni (Tate). LOwer 
Maude Limestone, Maude, Victoria (Upper Oligocene — early Miocene) (NMV, P.58000). 
9, 10. Hemidonax donaciformis donaciformis (Schroter). Hinge of right (9) and left (10) 
valves. Cataoyan Reef, S.E. Polillo Is., E. Quezon, Philippines (WAM, 333.73). 

Scale line x 1 mm. The ligament is represented by coarse stipple. 
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Fig. 11. The hinge and ligament of Hemidonax; a diagrammatic representation to show 
the main structures (based on H. arafurensis sp. nov). 

ac anterior cardinal tooth 
al anterior lateral tooth 
fp fused periostracum (secondary extension to primary ligament) 
il internal ligament 
pc posterior cardinal tooth 
pl posterior lateral tooth 
pol posterior outer ligament layer 
u umbo 

— M po- | 

Fig. 12. Distribution of the Recent specis of Hemidonax. 

H. pictus, H. chapmani, H. dactylus, H. donaciformis donaciformis, H. donaciformis 
australiensis, H. arafurensis 
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PLATE 1 

1-5  Hemidonax donaciformis donaciformis (Schroter). 

(1) Original figure from Schröter, 1786, Finleit, Conch., 2, pl. 7, fig. 14. 
(2-4) Original figures from Delessert, 1841, Rec. coq. Lamarck, pl. 6, figs 14a-c. 
(5) Cataoyan Reef, S.E. Polillo Is., E. Quezon, Philippines (VVAM, 333-73) 2510 x 18.6 
mm 

6-9 Hemidonax donaciformis australiensis (Reeve). 
(6-8) Lectotype 25.8 x 17.9 mm 
(9) Rosemary Island, Dampier Archipelago, northvvest Australia (VVAM, 773-68) 
27.8 x 17.8 mm 

10-14 Hemidonax chapmani Gatliff & Gabriel. 
(10,11) Paralectotype (NMV, F. 513). 11.9 x 9.3 mm. 
(12, 13) Lectotype. 21.6 x 15.5 mm. 
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(14) landakot, W.A., Paulik’s Bore, 41.6 — 41.8 m 
deep, Pleistocene (WAM, 74.269). 14.2 x 10.2 mm. 

15,16 Hemidonax dixoni (Tate). Lecotype. 12.3 x 9.1 mm. 

PLATE 2 

1-5 Hemidonax pictus (Tyron). 

(1-2) Hawks Nest Beach, Port Stephens, N.S.W. (AMS, C.75713). 38.2 x 25.5 mm 
(3) Innisfail, Queensland (AMS, C. 96295). 21.5 x 14 mm. 
(4-5) Cape Possession, Papua New Guinea (Pliocene?) Bureau of Mineral Resources, 

Canberra, F.7237). 
6-8 Hemidonax arafurensis sp. nov. Holotype. 24.4 x 16.2 mm. 

9-11 Hemidonax dactylus Hedley. Holotype. 27 x 16.7 mm. 
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PLATE 3 

1-2 Hemidonax donaciformis donaciformis (Schroter). Left valve of holotype 
Cardium donaceum Spengler. Length 27 mm. 
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Brooding of Ischonochiton (Haploplax) lentiginosa 
(Sowerby, 1840) in New South Wales 

by J.R. Penprase 
353 Liverpool Street, West Hobart, Tasmania, 7000 

A number of species of chitons in various parts of the world has been recorded as 
brooding their young. Recently Turner (1978) reporting brooding, or the possibility of it, in 
5 species of chitons in Tasmania. To date there has been no published record of the 
phenomenon on the Australian mainland. 

During the period of May 22 to 27, 1979, I collected chitons at Long Reef, Collaroy, 
N.S.W. Among the specimens taken were approximately 100 of the common mid-tidal 
species Ischnochiton (Haploplax) lentiginosa (Sowerby, 1840). The specimens were 
checked and 2 were found carrying masses of ova in both branchial grooves and one had 
fully metamorphosed, 8 valved brood in both branchial grooves (Fig. 1). Prof. Dr K.J. 
Gotting of Giesen, West Germany, accompanied me on one of the four trips to Long Reef. 
Of the 90 specimens of I. lentiginosa he collected one had brood. The reef was revisited on 
June 9-11, 1979. Individuals of 1. lentiginosa were examined in the field and all non- 

brooding specimens were released. Six individuals were brooding; one had eggs and 5 had 
developing young. The 9 brooding specimens I collected were all at least 9.5 mm long 
(maximum 14.0 mm). The number of brood ranged from 4 to 140, with most individuals 
having 50 to 60. 

Representative brooding individuals have been deposited in the Tasmanian Museum 
and Art Gallery, Hobart, Australian Museum, Sydney, National Museum of Victoria, 
Melbourne, South Australian Museum, Adelaide and the Western Australian Museum, 

Perth. 

| thank my wife, Murne, for accompanying me on the second expedition to Long Reef. 
P. Coleman and J. Fields of the Australian Museum and D. Gregg, A. Green and N. Kemp of 
the Tasmanian Museum and Art Gallery provided advice and assistance. Dr K.J. Gotting 
examined his specimens for embryos at my request. 

Reference. 

Turner, E. 1978. Brooding of chitons in Tasmania. J. Malac. Soc. Aust. 4: 43-47. 
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Observations On Planorbinae From Australia And 
New Guinea 

D.S. Brown 
(External Staff of the Medical Research Council) 

Zoology Department, British Museum (Natural History), 
London, SW7 5BD. 

ABSTRACT 
The shells and certain anatomical features including the genital system are 

described for Gyraulus convexiusculus (Hutton) from New Guinea, G. waterhousei 
(Clessin) and G. isingi (Cotton and Godfrey) from Australia, and Helicorbis 
australiensis (Smith) from Australia. The genera Glyptanisus Iredale, 1943 and 
Plananisus Iredale, 1943 are regarded as synonyms of Gyraulus Charpentier, 1837. 
The genus Segnitilia Cotton & Godfrey, 1938 is regarded as a synonym of Helicorbis 
Benson, 1855. 

INTRODUCTION 

Anatomical studies on the small discoid Planorbinae (Gastropoda: Basommatophora: 
Planorbidae) of African fresh waters have revealed that many species formerly classified in 
genera widely distributed in Europe and Asia actually belong to distinct groups (Brown & 
Mandahl-Barth, 1973). Characters of taxonomic value are found particularly in the 
copulatory organ, which has not previously been described for any Australian species. 
Through the kindness of colleagues in Australia | obtained spirit preserved specimens 
from 12 localities in Australia and New Guinea, now described and thought to comprise 3 
species of Gyraulus and 1 of Helicorbis. These materials certainly are not adequate for a 
thorough revision of the relevant nominal forms, but do allow a step in this direction. My 
main purpose is to give observations on certain organs which have received attention in 
recent studies of Planorbinae from other parts of the world, and to relate these 
observations to shells identified so far as possible with locally described species. 

MATERIALS, METHODS AND ACKNOWLEDGEMENTS 

Identified specimens are deposited in the collections of the British Museum (Natural 
History) (BMNH), Australian Museum, Sydney and the National Museum of Victoria. 
Drawings were made with the aid of a Wild stereomicroscope with drawing attachment. 
Photographs were prepared by the Photographic Unit, BMNH. 1 thank P.H. Colman and 
W.F. Ponder (Australian Museum) and B.J. Smith (National Museum of Victoria) for the 
loan of specimens, and the authorities of the British Museum (Natural History) for allowing 
me freely to use specimens in their care. 

OBSERVATIONS 

Family Planorbidae: Sub-family Planorbinae (Hubendick, 1954) 
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Genus Gyraulus Charpentier 

Shell small, less than 10mm diameter, discoid and lacking internal lamellae. Penis with a 
dagger-like sclerotised stylet. Type species: Planorbis albus Müller, Europe. 

Gyraulus convexiusculus (Hutton, 1849) 

Planorbis convexiusculus Hutton, 1849: 657. 
Gyraulus convexiusculus, Van Benthem Jutting, 1963: 494-499, figs. 49-53. 
G. convexiusculus, Brandt, 1974: 239, pl. 17, fig. 3. 
G. convexiusculus forma brongersmai Van Benthem Jutting, Starmühlner, 1976: 619, figs 

145-149; pl. 19, figs. 222-224. 

Fig. 1, a, b, Gyraulus convexiusculus; New Guinea, Markham river near Lae. c, G. 
waterhousei; New South Wales, Eastern Creek near Penrith (aperture damaged). d, G. 
isingi; Victoria, Warrnambool. 
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Fig. 2. Gyraulus convexiusculus from New Guinea. a, lower Watut valley near Bulolo. b, 
Port Moresby. Scale line represents 1mm. 

Materials examined. All from New Guinea and collected by P.H. Colman. Six specimens 
from Maralumie Creek, Markham Valley about 30 miles from Lae, 50m altitude, 24 Jan. 
1973, No. C. 90342. Eight specimens from backwaters of the Markham River near Lae, 23 
Jan. 1973, No. C. 90345. Six specimens from Lower Watut Valley, off Slate Creek out of 
Bulolo, about 1,100m altitude, 1 Feb. 1973, No. C. 90344. Five specimens from Port 
Moresby, creek behind the airport, 4 Feb. 1973, No. C. 90343. 

Shell (Figs. 1a, b; 2). Almost all the shells from Lae district complete about 3.75 whorls ar 
5mm diameter, are depressed and carinate with a membraneous fringe (Fig. 1a), and have 
close-set regular growth ridges, occasional coarser ribs and faint spiral sculpture on some 
areas. One shell from Lae (Fig. 1b) lacks a fringe and its whorls increase less rapidly, 4 being 
completed at 4.5mm diameter. Shells from near Bulolo resemble the last in having slowly 
increasing whorls (Fig. 2a) but the ribs are better developed, being almost as strong as in G. 
costulatus (Krauss) of Africa though less regular. Shells from Port Moresby (Fig. 2b) show a 
combination of features, in that their whorls increase slowly, there are 4.5 at 6.8mm 
diameter, and have a membraneous fringe. 

Anatomy (Figs. 3, 4). Twelve snails were dissected. Pigmentation of the mantle on the 
right of the kidney consisted of few and large black blotches in snails from near Lae and the 
Lower Watut Valley (Fig. 3a), but of small and numerous spots in snails from Port Moresby 
(Fig. 3b). The pseudobranch of an extended animal (Fig. 3c) is elongated with a 
longitudinal ridge. In the genital system (Fig. 4) the ovotestis comprises up to 24 acini 
arranged in two alternating rows, the seminal vesicle is closely coiled with pointed 
protuberances, the prostate gland comprises 14-20 lobes, and the spermathecal sac is 
about equal in length to its duct. The copulatory organ in situ extended posteriorly for 
about half the length of the prostate gland. The vas deferens opens just proximally to the 
swollen penis tip which carries a dagger-like stylet (Fig. 5). Six radulae examined have 16-18 
lateral and marginal teeth on either side of the central tooth, disregarding marginal 
rudiments without visible cusps. 

Identification and comments. G. convexiusculus is reported to occur in the very large 
area extending from South Yemen and eastern Persia to China and Japan. References cited 
above give a survey of the extensive literature pertaining to this widespread and variable 
taxon. Current opinion is to place in its synonymy many nominal species of ‘Planorbis’ 
described from shells. Certainly many authors have been too ready to attach significance 
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to trivial shell characteristics in naming new species. However, since insufficientattention 
has been paid to the soft parts where more significant differences might be found, it seems 
advisable to regard G. convexiusculus as a species complex or ‘Rassenkreis’, and to pursue 
careful anatomical studies with a view to gaining a better understanding of more nominal 
species. For many of these the animalis entirely unknown or so poorly described that even 
their generic position is uncertain. 

New Guinea lies at the southern fringe of the range recorded for this species, which is 
reported from the western part of this island by Van Benthem Jutting (1963), who also 
named five new species according to shell characters. These taxa form 2 series: 1) 
convexiusculus-brongersmai-balteatus with comparatively slowly increasing whorls 

(a Ma 

Fig. 3. Gyraulus convexiusculus from New Guinea. a, animal from lower Watut valley 
viewed from right side to show mantle pigmentation (remains of shell on the inner 
whorls). b, similar view of animal from Port Moresby. c, left side of head region of animal 
from lower Watut valley. An, anus; Ey, eye; LT, left tentacle; Ma, cut edge of mantle; Ps, 
pseudobranch. 

which lack a peripheral carination or membraneous fringe and 2) sentaniensis-frigidarius- 
limbatus with more rapidly increasing whorls which are strongly angular or carinate and 
may be fringed. Starmühlner (1976) identifies ‘G. convexiusculus forma brongersmai’ from 
Port Moresby and Long Island, Northeast New Guinea, and suggests that all of the taxa 
named by Van Benthem Jutting are conspecific. This opinion is acceptable in view of the 
similarly wide range of variation seen in G. costulatus of Africa (Brown & Van Eeden, 1969). 
The present materials allow the presentation of rather more detailed drawings of 
anatomical features than are provided by Starmühlner (1976), whose illustrations of the 
pseudobranch and penis appear somewhat inaccurate. The ‘pseudobranch in fact 
resembles that of G. costulatus as described by Brown (1965), while the penis tip is 
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thickened and the penial stylet has a definite bulbous base. So far as their anatomy is 
known, the nominal species of Gyraulus recorded in New Guinea are unlike those from 
Malaysia, Java and Bali examined by Meier-Brook (1979), which differ in having a slender 
penis tip and the vas deferens opening about midway along the penis. 

Fig. 4. Genital organs of Gyraulus convexiusculus from New Guinea, Markham river near 
Lae. AG, albumen gland; Ov, ovotestis; Ovi, oviduct; Pe, penis (within penis sheath); Pr, 
preputium; Pro, prostate lobes; PS, penis sheath; P St, penial stylet; SD, sperm duct; Sp, 
spermatheca; SV, seminal vesicle; VD, vas deferens. 

Gyraulus waterhousei (Clessin, 1885) comb. nov. 

Planorbis waterhousei Clessin, 1885: 188, pl. 28, fig. 2. 
Glyptanisus waterhousei, Iredale, 1943: 225. 

Materials examined. Four specimens from Australia, New South Wales, Eastern Creek on 
Great Western Highway between Penrith and Parramatta, a small sluggish creek rather 
heavily polluted, collected by W.F. Ponder and P.H. Colman, 9 Oct. 1969. Ten specimens 
from New South Wales, Ropes Creek, 5 miles east of Penrith on the Great Western 
Highway, highly polluted stream, collected by W.F. Ponder and P.H. Colman, 9 Oct. 1969. 

Shell (Figs. 1c, 6a). Whorls rapidly increasing (about 3.75 completed at 5.3mm diameter), 
strongly depressed, carinate and bearing a membraneous fringe. The carination is situated 
well above the middle of the shell and the upper surface is flattened or even slightly 
concave. Some specimens have strong spiral ridges. 

Anatomy (Fig. 7). In the 5 specimens dissected the mantle lacked pigmentation but this 
might have been lost since fixation. Though contracted the pseudobranch appeared to be 
significantly shorter than in G. convexiusculus. The genital organs resemble those of that 
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species; about 13 prostatic lobes are present, the tip of the penis is swollen, and a dagger- 
like penial stylet is present (Fig. 7). The 5 radulae examined have 15-17 lateral and marginal 
teeth on either side, disregarding marginal rudiments without visible c “xa mens W VISTO E 

Бу 

E Lot f. 1 "mz UE ut Ue тан та, 

Fig. 5. Copulatory organ of Gyraulus convexiusculus from New Guinea, lower Watut 
valley. a, middle region of organ, showing tip of penis and stylet. b, stylet at higher 
magnification. Pr, preputium; PS, penis sheath; P St, penial stylet; RM, retractor muscle; 
Sw, swelling at tip of penis. Scale line represents 0.1mm. 

— mM à 

Fig. 6. a, Gyraulus waterhousei; New South Wales, Ropes Creek east o Penrith. b, 
‘Planorbis’ gilberti Dunker; ‘East Australia, New Holland’, holotype in BMNH. Scale line 
represents 1mm. 

Identification and comments. The shell differs conspicuously from G. convexiusculus in 
being more strongly depressed, sharply carinate and in having strong spiral ridges. 
Amongst the nominal species of Planorbis and related genera described in the last century 
from eastern Australia (Table 1), the closest in shape are P. planissimus Clessin of northern 
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1mm 
ae | 

Fig. 7. Genital organs of Gyraulus waterhousei from Ropes Creek near Penrith, New 
South Wales. For identification of parts see Fig. 4. 

Queensland and P. waterhousei of northern New South Wales. | use the latter name for the 
present specimens with some reservation because the original text and figure indicate a 
median carination and do not indicate spiral sculpture. Possibly there is present in eastern 
Australia only a single and highly variable species of Gyraulus, for which the senior 
available name would be P. gilberti Dunker (1848), a less depressed shell (Fig. 6b) than 
those described here, with a median carination and weak spiral sculpture (holotype and 3 
paratypes, BMNH). Iredale (1943) introduced the new genus and species Glyptanisus 
ordessus for shells collected about 150km north of Penrith which are not unlike the 
present specimens, for the author refers to the strong keel and ‘distant concentric striae’. 
However, Iredale’s species probably is a junior synonym of one of more of those named 
above, and the anatomy of the snails now dissected provides no grounds for maintaining 
the genus Glyptanisus. The present shells are similar also to P. atkinsoni Johnston from 
Tasmania, illustrated by Petterd (1889) who shows a depressed shell with spiral ridges and a 
strong median carination, but at present it would be premature to identify mainland 
Australian specimens with Tasmanian species, though the possibility exists that some of 
these may be senior names for forms later described from Australia. 

Gyraulus isingi (Cotton & Godfrey, 1943) comb. nov. 

Planorbis isingi Cotton & Godfrey, 1932: 162, pl. 3, figs. 9-10. 
Plananisus isingi, Iredale, 1943: 225. 
Glyptanisus caroli Iredale, 1943: 225 (for Planorbis waterhousei of Gabriel, 1939: pl. 3, fig. 

29). 
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Fig. 8. a, Gyraulus isingi; Victoria, Camperdown Scenic Road. b, Helicorbis australiensis; 
New South Wales, Clarence river (aperture damaged). c, H. australiensis; Victoria, Tenang, 
underside and upper surface of a shell with one set of internal lamellae (indicated by 
broken line). 
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Materials examined. Ten specimens from Victoria, 10 miles east of Warrnambool, 

collected by B.J. Smith, 1 Nov: 1970. Thirteen specimens from Victoria, Mayne Creek, 3 
miles east of Port Fairy, collected by B.J. Smith, 2 Nov. 1970. Thirty-five specimens from 
Victoria, swamp by Camperdown Scenic Road ^1 mile from turnoff’, collected by K.N. Bell, 
22 Aug. 1970. 

Shell (Figs. 1d, 8a, 9a). Outstanding characters are the median to basal position of the 
carination and the absence of any obvious spiral sculpture. A large shell from 
Camperdown Scenic Road is only just over 3mm in diameter but all the specimens from 
this locality are strongly carinate with a membraneous fringe. 

Fig. 9. a, Gyraulus isingi; Victoria, Mayne Creek, 3 miles east of Port Fairy. b, "Planorbis” 
macquariensis Smith; New South Wales, Macquarie river, syntype in BMNH. c, Helicorbis 
australiensis; Victoria, Tenang. Scale line represents 1mm. 

Anatomy (Fig. 10). Mantle pigmentation was not visible though possibly had been lost 
since fixation. The greatest number of prostate lobes seen was thirteen. The penis of the 
largest snails dissected, from Mayne Creek, possessed a sclerotised stylet, but this was not 
clearly evident in snails from other localities, apparently because of their sexual 
immaturity. In such individuals the penis had a short free-hanging part and the stylet was 
represented by an inconspicuous, colourless rudiment of cuticle (Fig. 10); immaturity 
seemed also to account for the proportionately large seminal vesicle and small albumen 
gland in thesespecimens. The 4 radulae examined have 17-20 lateral and marginal teeth on 
either side. 

Identification and comments. The shell differs from G. waterhousei particularly in the 
lower position of the carination and the lack of strong spiral ridges. A related nominal 
species, Glyptanisus caroli Iredale, was originally found at Portland about 50km west of the 
present localities. Iredale gave this name to a shell illustrated by Gabriel (1939) as Planorbis 
waterhousei and angular at the periphery but not carinate. This form does not appear to 
me to be significantly different from the carinate shells from the present localities, or from 
the earlier described P. isingi. The unusual features in the copulatory organ of the snails 
from Warrnambool and Camperdown Scenic Road seem attributable to sexual 
immaturity, but if found to be fully grown such specimens might be considered to 
represent a distinct species. 

Planorbis isingi is placed by Iredale (1943) in his new genus Plananisus, for which the type 
is P. tasmanicus Tennison-Woods. The latter shell, illustrated by Petterd (1889) and May 
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Fig. 10. Gyraulus isingi from Victoria, Camperdown Scenic Road. Left, whole copulatory 

organ showing the position of the penis within the penis sheath. Right, diagram at a greater 
magnification of the upper part of the penis sheath with the penis. The penial stylet (P St) i5 
unsclerotised and apparently immature. For other lettering see Fig. 4. 

(1920), appears to be a Gyraulus as does P. macquariensis Smith (Fig. 9b) also placed by 
Iredale in his genus. Consequently Plananisus appears to be a synonym of Gyraulus. 

Helicorbis australiensis (Smith, 1882) comb. nov. 

Segmentina australiensis Smith, 1882: 295, pl. 7, figs. 7-10. 
Segnitilia australiensis, Iredale, 1943: 227. 

Materials examined. Thirteen specimens from New South Wales, Clarence River at 
Harwood Island, collected by A.A. Cameron, Jan. 1963. Three specimens (with G. isingi) 
from Victoria, 10 miles east of Warrnambool, collected by B.J. Smith, 1 Nov. 1970. Sixty-six 
specimens from outskirts of Tenang, Victoria, collected by B.J. Smith, 1 Nov. 1970. 
Fourteen specimens from Victoria, Strathfieldsaye, collected by B.J. Smith, 26 Feb. 1969. 

Shell (Figs. 8b, c, 9c). The largest seen completes 4.5 whorls at 5.5mm diameter. The 
upper surface is slightly concave and the peripheral angulation varies in position from 
median to nearly basal. Surface highly glossy, generally more reddish-brown than in 
Gyraulus and without spiral sculpture apart from rows of short fine grooves. Internal 
lamellae were seen only in 5 shells, all from Tenang, each of which possessed traces of a 
single set (Fig. 8c). 
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Fig. 11. Genital organs of Helicorbis australiensis from New South Wales, Clarence River. 

AD, loop of accessory duct below the adductor muscle; FI, flagellum; Pro, approximate 
position of poorly fixed prostate gland lobes. Other lettering as in Fig. 4. 

Anatomy (Fig. 11). Apart from a dark band around the collar, mantle pigmentation is 
sparse and diffuse. There appears to be practically no pseudobranch, the anus opening 
onto a low papilla. Most snails dissected were aphallic, the copulatory organ being found 
in only 2 individuals, amongst 10 dissected from Clarence River. All of the sample of over 
60 individuals from Tenang were aphallic, as determined by dissection of some and the 
examination of the extended bodies of the rest by transmitted light. Examined as a whole 
mount the copulatory organ (Fig. 11) resembles that of Helicorbis umbilicalis (Benson) as 
described by Hubendick (1954) and Starmühlner (1976). The penis sheath is short, bears 2 
adpressed flagella and encloses a short penis. The preputium is swollen proximally by an 
internal organ and one long loop of accessory duct was seen in the present specimens (2 
and 3 loops are depicted respectively by Starmühlner and Hubendick). The spermatheca is 
club-shaped and about as long as its duct. Unfortunately the structure of the prostate 
gland could not be clearly seen because of the contracted state of the animals. Ten 
mounted radulae have 18-24 lateral and marginal teeth on either side. 

Identification and comments. The nominal species described from Australia that appear 
to belong to the Segmentina tribe of Hubendick (1954) are listed in Table 2; they compose 
the genus Segnitilia Cotton & Godfrey (1938, type-species Segmentina victoriae Smith). 
Lamellae are reportedly present only in S. australiensis of which 2 syntypes (BMNH) each 
have one set. Smith distinguished S. victoriae by virtue of its flatter shape and smaller 
umbilicus, besides the lack of lamellae. Since it appears to me that the present sample from 
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Tenang shows that the presence or absence of a single set of lamellae can be an individual 
variation, | am inclined to unite Smith's two species. The rarity of lamellae in these 
Australian snails suggests a relationship to the group of Asian species known as Hippeutis 
Charpentier or Helicorbis, borne out by the structure of the copulatory organ. However, 
this appears to be the first time that a high frequency of aphallic individuals has been 
observed in this group of snails, and it is noteworthy that Wright (1963) reports aphallic 
animals also in the African species Lentorbis benguelensis (Dunker). The significance, if 
any, of apparent anatomical differences between H. australiensis and H. umbilicalis of 
New Guinea and other areas of Asia could only be established by careful comparative 
study. At present it may be concluded that there is in Australia at least one species of 
Helicorbis, of which genus Segnitilia is a synonym. 

Table 1. Nominal species of Planorbidae with discoid shells described from Australia or 
Tasmania (excluding lentiform species listed in Table 2). 

Year Name and author Locality 

1848 Planorbis gilberti Dunker New Holland, E. Australia 

1875 P. meridionalis Brazier Ouse River, Tasmania 

1876 P. tasmanicus Tennison-Woods Circular Head, Tasmania 

1879 P. scottiana Johnston Launceston, Tasmania 

1879 P. atkinsoni Johnston South Esk, Tasmania 

1882 P. macquariensis Smith Macquarie River, New South Wales 

1882 P. fragilis Smith Ipswich, Queensland 

1882 P. essingtonensis Smith Port Essington, North Australia 

1885 P. waterhousei Clessin Clarence River, New South Wales 

1885 P. brazieri Clessin Ipswich, Queensland 

1885 P. planissimus Clessin Cape York, Queensland 

1885 P. daemeli Clessin Cape York, Queensland 

1932 P. isingi Cotton & Godfrey Lake Alexandria, S. Australia 

1943 Pygmanisus parvus Cotton Torrens River, S. Australia 

1943 Pygmanisus leonatus Iredale Canberra 

1943 Pygmanisus pelorius Iredale Armidale, New South Wales 

1943 Glyptanisus caroli Iredale Portland, Victoria 

1943 G. ordessus Iredale Chichester Dam, New South Wales 

1943 G. metaurus Iredale Armidale, New South Wales 

1943 G. idenus Iredale Eidesvold, Queensland 

1943 G. stabilis Iredale Lilysmere Lagoon, Burdekin, 
Queensland 

1943 G. hesperus Iredale Lennard River, northwest Australia 

1943 G. coronatus Iredale Palm Creek, central Australia 

1943 G. speranus Iredale Narrabri, Namoi River, New South 

Wales 
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DISCUSSION 
The genus Glacidorbis Iredale (1943), believed by its author to belong to the 

Planorbidae, has been removed from this family since anatomical study showed itto be a 
prosobranch group, possibly a distinct family, with a restricted Southeast Australia-South 
Andean distribution (Meier-Brook & Smith, 1976). The present snails are less remarkable, 
belonging to genera which are widespread within and outside Australia. For reasons given 
in the comments on relevant species | regard the locally described genera Glyptanisus and 
Plananisus as synonyms of Gyraulus, while Segnitilia appears to be a synonym of 
Helicorbis. My interpretation of the relations of these genera thus agrees with the 
tentative synonymies suggested by McMichael (1967). At present there is no evidence that 
Australia has any representatives of the planorbid genera characteristic of Africa. 
However, no information is yet available about the anatomy of species belonging to the 
group Pygmanisus Iredale (1943), which are distinguished by their small size and round, 
slowly increasing whorls. 

Table 2. Nominal species of Planorbidae with lentiform shells (belonging to the subfamily 
Segmentininae) described from Australia or Tasmania. 

Year Name and author Locality 

1882 Segmentina australiensis Smith Penrith, New South Wales 

1882 S. victoriae Smith Victoria 

1882 Planorbis meniscoides Tate Port Darwin, N. Australia 
1943 Segnitila alphena Iredale Armidale, New South Wales 
1943 S. oppidia Iredale Townsville, N. Queensland 
1944 S. idonea Iredale Sydney, New South Wales 
1944 S. brisbanensis Iredale Brisbane, Queensland 

1944 S. redita Iredale Tweed River, New South Wales 

SUMMARY 
The shells and certain anatomical features are described for 4 species of small discoid 

Planorbidae from fresh waters in New Guinea and Australia. The penial stylet characteristic 
of the genus Gyraulus Charpentier was found in G. convexiusculus (Hutton) from New 
Guinea, G. waterhousei (Clessin) from eastern Australia and G. isingi (Cotton & Godfrey) 
from Victoria, Australia. Glyptanisus Iredale, 1943 and Plananisus Iredale, 1943 are 
regarded as synonyms of Gyraulus. Lenticular snails from New South Wales and Victoria 
are identified as Helicorbis australiensis (Smith) on the basis of the rarity of lamellae (seen 
in only 5 out of nearly one hundred shells examined) and the structure of the copulatory 
organ; a high proportion of individuals in the present samples are aphallic. Segnitilia 
Cotton & Godfrey, 1938 is regarded as a synonym of Helicorbis Benson, 1855. 
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Helix parramattensis Cox, 1864: A Synonym of Euconulus 
(Euconulus) fulvus (Muller, 1774) 

(Pulmonata : Euconulidae) 
John Stanisic 
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SUMMARY 

A critical examination of the species Turrisitala parramattensis (Cox), an 
euconulid land snail found in the Sydney region of N.S.W., revealed that this 
species is identical with the holarctic species Fuconulus (E.) fulvus (Muller). 
This discovery represents the first record of E. fulvus from New South Wales. 
The only previous record of E. fulvus from Australia was from the Cann River 
district, Victoria (Gabriel, 1928). A description and a figure of E. fulvus based on 
the New South Wales material are given. 

INTRODUCTION 

Helix parramattensis Cox (1864), was described from material collected by the Rev. R.L. 
King from Parramatta, near Sydney, N.S.W. In his monograph of the Australian land shells 
Cox (1868) placed the species in the section Conulus. 

Iredale (1933) erected the genus Turrisitala with type T. normalis Iredale (= Helix 
turriculata Cox) for Australian species previously referred to the ‘extra limital’ genus Sitala 
H. Adams. Turrisitala was later restricted (Iredale, 1937) to include three east Australian 
species one of which was Helix parramattensis, while a number of new genera were 
created for the other Australian species of the “Sitala” complex. These genera were 
included in a new family Durgellidae, later changed to Durgellinidae (Iredale, 1941). 
However it was clear (Iredale, 1942, pp. 33-34) that the position of many of the species in 
the family Durgellinidae still posed taxonomic problems. One of these surrounds the 
identity of the species T. parramattensis (Cox). 

Examination of the syntypes (AM C.236, AM C.121529) of T. parramattensis revealed 
diagnostic characters not presented in the original description (Cox, 1864 p. 21) or Cox's 
later description with figure (Cox, 1868, p. 8; pl. VI, fig. 10). Cox (1868) refers to “an 
inconspicuous little conical shell, globose below, without any markings..." All specimens 
of T. parramattensis examined in the present investigation show well developed sculpture. 
Iredale (1942, p.34) mentions the presence of radial sculpture (“well marked striae”) but in 
addition there is also a noticeable spiral sculpture particularly on the base. There is little 
doubt, that this poor definition of T. parramattensis has contributed to the confusion over 
its true identity. 

Subsequent comparison of the syntype material with European and American 
specimens of Euconulus fulvus (Muller) in the collections of the Australian Museum, 
Sydney, and the Queensland Museum, showed that separation of Cox’s species and E. 
fulvus is not warranted. 
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In view of the inadequate description by Cox, a diagnosis of E. fulvus, based on the 
N.S.W. material, is given below. Taylor (1914) and Pilsbry (1946) provide excellent 
descriptions of holarctic representatives of the species. Long (1972) provides additional 
information on the Australian introduction of the species in Victoria. 

Material used in this study is housed in the Australian Museum, Sydney (AM). 

TAXONOMY 

Euconulus (Euconulus) fulvus (Muller) 
(Figs. 1a, 1b, 1c) 

Helix fulva Muller, 1774 (in part): 56. 
Helix parramattensis Cox, 1864: 20. 
Helix (Conulus) parramattensis. Cox, 1868: 8, pl. VI, Fig. 10. 
Hyalina (Euconulus) fulva. Gabriel, 1928: 133. / 
Turrisitala parramattensis. Iredale, 1937: 11. 

MATERIAL: New South Wales: Parramatta (Lectotype of parramattensis, AM C. 121529, 
Rev. R.L. King); Parramatta (Paralectotypes of parramattensis, 1 specimen plus fragment, 
AM C.236, Rev. R.L. King): Gerroa, under Lantana, (62 specimens plus fragments AM. 
C.119309, C. McLauchlan, 4 January, 1949); Clontarf; Port Jackson, under bricks and stones 
(1 specimen, AM C.119310, G.P. Whitley, 25 April, 1938); Glebe (7 specimens, AM 
C.119312, ex Cox); Ourimbah (1 specimen, AM C.119313, S.W. Jackson, December, 1905); 
Clifton scrubs, Wollongong (20 specimens plus fragments, AM C.119314, ex Lower, ex 
Cox); Clontarf, Port Jackson, amongst building stones, (23 specimens, AM C.119315, G.P. 
Whitley, May, 1938); Mulgoa Ck., nr. Glenorie (7 specimens, AM C.119316, ex Cox); Ryde 
(1 specimen, AM C.119317, ex Cox); Rose Bay (9 specimens, AM C.119318, ex Brazier). 

TYPE LOCALITY 

Fridrichsdal, Denmark. 

DESCRIPTION 

Shell small, thin, conic, semi-transparent, yellow horn colour, minutely perforate. 
Perforation sealed by a thin callous. Whorls 6, convex, regularly increasing, sutures 
impressed. Spire with radial striae, less crowded on the first two whorls, becoming more 
crowded on the later whorls, persisting just below the periphery of the body whorl. Base 
convex, shiny, with radial striae at the edge giving way to marked spiral striae towards the 
centre. Basal spiral striae crossed by irregularly spaced growth striae. Persistome thin, not 
reflected exceptatthe columellar edge. Umbilicus small, almost three quarters covered by 
the columellar reflection. Aperture lunate. Dimensions (at 6 whorls): height 2.8mm; 
diameter 3.1mm. 

DISTRIBUTION 

Holarctic (Pilsbry, 1946); Sydney region N.S.W. (introduced); Cann River, Victoria 
(introduced). 

HABITAT 

The small amount of habitat data provided with the specimens examined, suggests that 
the species in Australia, occupies similar living space to the holarctic individuals. 

DISCUSSION 
The Victorian introduction of E. fulvus was discussed by Gabriel (1928). Gabriel 

suggested that the species may have been introduced from Europe by way of packets of 
grain seed. The widespread occurrence of the species in the Sydney region adds little to 
the knowledge concerning its mode of origin. However, considering the presence of the 
many European introductions in the Sydney area, Europe seems the most likely centre 
from which E. fulvus was introduced. 

The taxonomic confusion surrounding the identity of E. fulvus in Australia has parallels 
in the case of other introduced molluscs. Zonitoides arboreus (Say), was originally 
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described by Cox (1868) as Helix lyndhurstensis. Only later work (Bishop, 1978) showed the 
Australian species to be synonymous with the North American species. A similar situation 
existed with Oxychilus cellarius. In the case of E. fulvus the problem was exacerbated by 
the rather vague diagnosis of the species and the Gordian knot of taxanomic chaos 
surrounding the Australian “non-microcystid” euconulids. Whiledredale (1942) remained 
perplexed the problems remain to be solved. 
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Figure 1a-c Turrisitala parramattensis (Cox, 1864) 
Parramatta, N.S.VV. Rev. R.L. King. 

Lectotype. AM C.121529. 
Scale line equals 1mm. 
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SUMMARY 

The streptaxid, Gulella (Huttonella) bicolor (Hutton) is recorded from 
Australia for the first time. This species has been spread widely through 
tropical areas of the world by commerce. The implications of its presence in 
Australia are briefly discussed. A description of the shell together with figures 
are presented. 

INTRODUCTION 

The pulmonate family Streptaxidae, a group of carnivorous land molluscs, is widely 
distributed in tropical and sub-tropical regions of the world. The family ranges from South 
America, Africa through India to Japan and Asia. The eastern limit of the family in Asia is 
reached in the Indo-Australian Archipelago (Van Bruggen, 1972). While endemic 
representatives occur in Borneo, Malaya, Celebes, Phillippines none are known from the 

Australian region. 

Of the many genera of Streptaxidae, some are widespread. One species, Gulella (H.) 
bicolor (Hutton) has a circumtropical distribution. Previously known from Africa, India, 
Philippines, Borneo, Celebes, W. India and even Florida (U.S.A.), it is now recorded from 
northern Australia. Its present distribution is largely the result of transport by human 
agencies. 

Material used in this study is housed in the Australian Museum, Sydney (AM) and the 
Field Museum of Natural History, Chicago, U.S.A. (FMNH). 

TAXONOMY 

Gulella (Huttonella) bicolor (Hutton, 1834) 

MATERIAL 

Northern Territory: Bamyili Reserve, via Katherine, in school grounds under bricks and 
wood, (7 adult shells, AM C.119307, V. Kessner, 8 March, 1978); Wallaby Beach, Gove, on 
sand and in grass/vine litter just behind beach, (2 adult and 1 juvenile shells, AM C.121212, 
P.H. Colman, 25 March, 1980); Sta. WA-103, East Point Forest Reserve, Darwin (1specimen. 

FMNH. 182321, A. Solem and L. Price, 7 March, 1974). 

DESCRIPTION 

Shell small, subcylindrical, shiny, transparent. Colour, creamy-white. Narrowly 
perforate. Whorls 6-7, regularly increasing. Sutures impressed, regularly crenulate. 

(Figs. 1a, 1b) 
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Crenulations caused by coronal swellings on the upper edge of lower whorl. Apex 
depressed but not flat. Weak growth striae present, crossed by barely visible transverse 
striae. Growth striae becoming very pronounced on the latter half of the body whorl. Body 
whorl with two external depressions, corresponding to position of basal and palatal teeth. 

Aperture subquadrangular, with four barriers. Columellar lamella broad, directed 
inwards, sinuate at inner edge. Parietal lamella long, edge curved to the right, projecting 
beyond outer rim of aperture, continuous with right lip. Palatal tooth large, horizontal, 
directed inwards. Basal tooth small, located inside the peristome on the left hand side of 
lower lip. Both the palatal and basal teeth are formed by infoldings of the shell wall. 
Peristome thick, not continuous, strongly reflected, granular. Dimensions of shell: Height 
6.7mm. Diameter 2.0mm. 

COMPARATIVE REMARKS 

The strongly reflected lip and apertural barriers of C. bicolor easily distinguish it from 
the Australian subulinids which have a grossly similar shell outline but possess a simple lip 
and lack barriers. Species of the Australian chondrinid genus Australbinula have a 
somewhat similar arrangement of apertural barriers, however they lack the infoldings of 
the body whorl which are present in G. bicolor. Compared with C. bicolor they are much 
smaller (less than half the size) and lack the glossy appearance and crenulated sutures of 
the former. 

DISTRIBUTION 

Africa, Seychelles, Mauritius, India, Indo-Malay, Archipelago, W. Indies, U.S.A. 
(Florida), Fiji, New Guinea, Australia. 

TYPE LOCALITY 

Mirzapur, India. While Hutton (1834) originally described G. bicolor from India, Van 
Benthem Jutting (1961) suggested that the species may have its origin in the off-lying 
islands of East Africa. 

DISCUSSION 
The discovery of G. bicolor in Northern Australia adds another widespread introduction 

to the Australian terrestrial mollusc fauna. While many of the known introductions have 
arrived from the Northern Hemisphere i.e. North America and Europe, the presence of 
widespread Southern Hemisphere forms has been largely undocumented. Solem (1959) 
showed that the New Caledonian enid, Rhachistia histrio (Pfeiffer) was in fact awidespread 
species in the tropical regions, occurring from Africa to India and New Caledonia and the 
east coast of Australia where it was recorded as Rachispeculum bidwilli (Cox). 

In a later publication Solem (1964) analysed the introduced molluscs of New Caledonia 
and demonstrated the impact that 19th century trade routes and other patterns of human 
activity have had on the distribution of a number of widespread terrestrial molluscs. 
Undoubtedly, similar events have had an influence on the Australian continent. Therefore 
it is not surprising to find a widespread tropical species such as G. bicolor in Australia. A 
less parochial approach than that employed by previous workers e.g. Iredale, will most 
likely reveal the presence of other widespread tropical species in the Australian fauna. 

Considering that G. bicolor lives among leaf litter (Van Benthem Jutting 1961), it shares a 
common habitat with a large number of Australia’s native terrestrial molluscs. The 
carnivorous habit of the species may therefore have a number of important implications 
for the native land molluscs. Annandale and Prashad (1920), observed and reported a 
number of instances of G. bicolor preying on the subulinid Lamellaxis gracilis (Hutton), 
while Van Bruggen (1967) stated that streptaxids have a varied diet of invertebrates 
including urocyclids, achatinids, and pupillids. 

Whether G. bicolor is widespread in Northern Australia has yet to be demonstrated. 
Much collecting remains to be done in the area surrounding the sites of the present 
discovery. However, many streptaxids are extremely drought resistant (Van Bruggen, 
1967), in which case this species is liable to be dispersed across apparently unfavourable 
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stretches of desert. 

As the first record of a streptaxid in Australia, the occurrence of Gulella (Huttonella) 
bicolor (Hutton) in northern Australia represents a significant addition to the Australian 
land snail fauna. 
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1a 

Figure 1a-b Gulella (Huttonella) bicolor (Hutton, 1834) 
Bamyili Reserve, via Katherine, N.T. Kessner. 
AM C.119307. 
Scale lines equal 1mm. 



Gyliotrachela J. Malac. Soc. Aust. 5(1-2): 87-100. 

Small land snails from Northern Australia, 1: 
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SUMMARY 
The small vertiginid land snail from Chillagoe Caves, Northern Queensland, 

Gyliotrachela australis (Odhner, 1917), is redescribed and refigured. Three 
new species, G. catherina from near Katherine, Northern Territory, G. 
ningbingia from the Ningbing Ranges north of Kununurra, Western Australia, 
and G. napierana from the Napier Range east of Derby, Western Australia, are 
described. The pattern of conchological variation in Gyliotrachela is discussed 
and the new taxa compared with extralimital forms. 

INTRODUCTION 
Several extended field surveys in the northern parts of Western Australia and the 

Northern Territory, primarily by the author and field associates, were aimed at obtaining 
camaenid land snails for monographic study (Solem, 1979, 1981a, 1981b). Less attention was 
paid to the micromollusks, but sufficient materials were obtained to provide at least an 
introductory review of their distribution and affinities. In a series of short papers, of which 
this is the first, it is proposed to review and illustrate many of these taxa. 

This first contribution covers small pupillids with free, extended apertures containing 
large and complex barriers. 

Several small pupillid taxa with reflexed or extended apertures and generally associated 
with limestone formations, have been collected at scattered localities from the hill country 
of northern India and southern China, as far east as Chillagoe Caves in Queensland, 
Australia. Monographed first in the century by Pilsbry (1916-1918: 192-220), they have been 
most recently comprehensively reviewed by van Benthem Jutting (1950). There is a 
probably artificial division into four genera (van Benthem Jutting, 1950: 7, table), based 
upon whether the last whorl is free or adnate, and whether the parietal and angular 
barriers on the parietal wall of the aperture are separate or fused. 

All of the taxa discussed in this paper can be assigned to the genus Gyliotrachela Tomlin, 
1930 (= Gyliauchen Pilsbry, 1917, not Nicoll, 1915, and Gyliotrachea Pilsbry, 1931), which is 
characterized by having the two apertural barriers separate and the last whorl varying from 
showing a slightly free aperture to a trumpet-like extension. Whether Hypselostoma 
Benson, 1856, which differs only in having the parietal and angular barriers fused, actually 
is distinct, is a matter beyond the scope of this paper. Within the general context of the 
pupillaceans, Gyliotrachela, which retains separate angular and parietal barriers, would be 
considered more generalized than Hypselostoma with its fused barriers.Hypselostoma 
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elephas van Bethem Jutting (1950: 23, fig. 12) stands unchallenged in terms of apertural 
extension, but the growth reversal seen in Gyliotrachela depressispira van Benthem 
Jutting 1949 (van Benthem Jutting, 1950: 27, fig. 15) isan even more remarkable change in 
shell morphology. I do not consider it possible, at this time, to make any decision as to the 
relative degree of specialization shown by these genera. 

Works subsequent to the summary of van Benthem Jutting (1950) include descriptions of 
G. saxicola van Benthem Jutting (1960) from Kangar, Perlis, Malaya; G. salpinx van 
Benthem Jutting (1961) from near Raub, Pahang, Malaya; and C. torticollis van Benthem 
Jutting (1962) from Cambodia. Berry (1961) demonstrated that there was habitat selection 
differences between the two species of Gyliotrachela found on Bukit Chintamani, Pahang, 
Malaya, and subsequently (Berry, 1963) described the genital system and pattern of 
breeding in G. depressispira van Benthem Jutting, 1949. Solem (1974: 192, 202-3, figs. 10b, c, 
e) illustrated and discussed the habitat preference and aestivating position of C. 
depressispira. 

The only previous Australian record is the description of G. australis (Odhner, 1917), 
from deposits of supposed Pleistocene age at the Chillagoe Caves in northern Queensland 
(17 ° 7'S, 144° 30” E). 

This paper describes three new species of Gyliotrachela from northern Australia: C. 
catherina from near Katherine, Northern Territory: G. ningbingia from the Ningbing 
Ranges north of Kununurra, Western Australia; and G. napierana from the Napier Range, 

east of Derby, Western Australia. New illustrations and a revised diagnosis of G. australis 
are presented for comparison. It is quite probable that additional Australian taxa will be 
discovered as limestone areas in the northern half of the continent are more thoroughly 
investigated for molluscs. 
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PATTERNS OF SHELL VARIATIONS 

The Australian taxa known to date apparently form a monophyletic unit that shows the 
same types of variation documented for the Malayan radiation, so ably reviewed by van 

Benthem Jutting (1950 et al). The numer and relative size of apertureal barriers, degree of 

apertural detachment, extent of apertural reflection, spire angle, and pattern of body 
whorl sulcus formation are the obvious features enabling species identification. For each 
of the Australian taxa, essentially equivalent changes can be found in one or another of 
the Malayan taxa. This does not imply direct descent or relationship to specific taxa, but 

rather suggests parallel modification of a rather Protean stock. 

The obvious correlation with apertural barrier size may prove to be illusory when more 
taxa are known. Our sampling is as yet too fragmentary for meaningful conclusions. 
Nevertheless, the nearly occluded aperture found in C. napierana (figs. 9, 13), contrasts 
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with the much more open aperture with reduced number of barriers found in the eastern- 
most species, G. australis (fig. 12). The taxa from the intermediate areas, G.ningbingia (fig. 
10) and G. catherina (fig. 11), form a partially graded series. Because of this, it might be 
argued that subspeciation rather than speciation is involved. Yet the differences in 
apertural detachment and reflection, plus the changes in body whorl contour are 
equivalent to those seen among taxa that are sympatric in Malaya (see van Benthem 
Jutting, 1950, 1961, Tweedie, 1961). Up to three species of Gyliotrachela have been taken 
on the same small limestone hill in Malaya. These sympatric taxa show the same degree of 
morphologic difference documented here for the allopatric Australian taxa. Since the 
many populations sampled in the Ningbing area, although differing slightly in size, agree 
in basic shell structure, | am confident that these are valid species rather than geographic 
variants. 

Use of the scanning electron microscope (hereafter SEM) has permitted providing 
more detailed illustrations of shell features than could be attempted by previous workers, 
and also to include some data on the basic shell microstructure and microarmature on the 
apertural barrier. 

All of the Australian species agree in having the same basic sculptural elements. Study of 
Malayan material in Field Museum of Natural History confirms that the same patterns are 
present in Malayan and Indonesian species. The apical sculpture (fig. 14-15) consists of 
raised polygonal ridges occasionally lifted into minor peaks. These shift near the end of the 
first whorl into a less regular pattern (figs. 14, 16) that by the body whorl has become a 
series of almost regularly spaced spiral ridges (fig. 17). This latter structure is what van 
Benthem Jutting (1961: 47) referred to as “spiral striation”. SEM examination shows that all 
of the above structures are raised calcareous crystals (fig. 16). 

The larger apertural barriers are typical of small land snails in that there is a complex 
microstructure on their upper edges (fig. 18-19) Solem (1972) gave a general survey of 
their occurrence, illustated a number of the basic types, and presented data as to their 
possible functional significance in terms of both protection from predation and as an aid to 
extension of the body from a retracted position. Solem and Lebryk (1976) demonstrated a 
positive correlation between size of micro-barriers and degree of apertural narrowing by 
the main barriers, those snails with narrowed apertures having proportionately much 
larger microprojections than were found in those taxa where the aperture was more open. 
The same trend holds in Gyliotrachela, where the microprojections are very large and 
numerous in C. napierana (figs. 18-19), and smallest in G. australis. The form of the 
microprojection is most similar to that found in Vertigo morsei Sterki, 1894 (Solem and 
Lebryk, 1976, figs. 27-29). These microprojections appear to be amplifications of the basic 
barrier crystal surface, rather than major additive elements. 

Features of general shell shape and body whorl contour do not show geographically 
correlated variation within Australia. The degree of apertural reflection is greatest in G. 
napierana and C. australis, least in G. catherina. Apertural detachment is greatest in G. 
ningbingia (fig. 4). Development of a subperipheral sulcus is very great in both G. australis 
(fig. 7) and G. napierana (fig. 1), but almost totally absent in G. catherina (fig. 5). 

SYSTEMATIC REVIEW 

All adults were measured with an ocular micrometer and ratios calculated. Means and 
standard errors of the mean were calculated in micrometer units and then converted into 
millimeters. Gyliotrachela is not especially suitable for statistical analysis of size and shape 
variations using standard measurements, since the degree of lip flare, "trumpet" 
extension, and apertural reflection materially affect height and diameter. Thus the size and 
shape variation reported below is only a rough measure of such differences, but better 
than verbal description. Measurements of lip flare, trumpet length, apertural inclination 
would be of value, but at our current level of knowledge, seem unnecessary for species 
descriptions. 

Measurements are summarized in Table 1. The four species are nearly identical in 
diameter, but show noticeable differences in whorl count and height, which alter the H/D 
ratios. Variation within species considerably masks the minor mean differences, and 
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factors of shape, aperture, and whorl contour are better guides to species identity. No key 
is provided, since any collections from new areas can be expected to yield additional taxa. 

Gyliotrachela napierana, n. sp. 

Figs. 1, 2, 9, 13 

Diagnosis: A species of Gyliotrachela with moderate (fig. 1) development of a 
subperipheral sulcus and strong upward reflection of the aperture. Apertural barriers (figs. 
9, 13) very large, long, grossly narrowing opening, full set of accessory barriers present. 
Other Australian species have either no upward lip reflection, much reduced to absent 
subperipheral sulcus, and smaller barriers with loss of accessory barriers (C. ningbingia, G. 
catherina, figs. 3, 5, 10, 11) or an even stronger subperipheral sulcus, weak upward 
reflection of the aperture, but complete loss of the accessory barriers (C. australis, figs. 7,8, 
12). The nearest extralimital species, G. everetti (E. A. Smith, 1896) from Kalao, Indonesia 
(FMNH 48812, FMNH 72487) and G. dohertyi (Fulton, 1899) from the Tenimber Islands, 
Indonesia (FMNH 48826) have fewer and smaller barriers, a longer trumpet extension of 
the lip, no upward reflection of the aperture, gross strengthening of the subperipheral 
sulcus, and a large umbilical keel. 

Description: Shell small, diameter 2.30-3.22mm (mean 2.88mm), with 4 to 412 (mean 4v4-) 
whorls. Spire increasing rapidly in width, last quarter of body whorl reflected moderately 
upward so that lip edge does not extend below whorl base (fig. 1), aperture barely free of 
penultimate whorl (fig. 2). Height of shell 1.64-2.34 mm (mean 1.97 mm), H/D ratio 0.609- 
0.855 (mean 0.684). Body whorl with pronounced rounded keel (fig. 1), strong 
subperipheral sulcus. Aperture strongly flaring, reflected, significantly tilted upward, with 
only slightly protruded “trumpet”. Apertural barriers large (fig. 13), nearly occluding 
aperture, full compliment of accessory barriers present. Basal and two infrapalatal barriers 
quite large, former nearly equal in size to parietal and angular barriers. Based on 146 
measured adults. 

Holotype: WAM 715.79, Station WA-325, 0.6 km south-west of road along north side of 
Napier Range, 5.9 km north-west of Yammera Gap, Western Australia. “Lennard” 
1:100,000 map sheet 3863 — 891:862. Collected by L. Keller and Roger Buick 12 January 
1977. Height of shell 1.88 mm, diameter 2.80 mm, H/D ratio 0.671, whorls 4 3/8. 

Paratopotypes: WAM 716.79, WAM 717.79, AMS C.117951, FMNH 200514, FMNH 200516, 
47 dead adults from the type locality. 

Paratypes: Napier Range: NR IX, south-east of Barnett Cave, in small caves and crevices 
(36 dead adults, WAM 751.76, FMNH 204661, B. Wilson and S. Slack-Smith 30 August 1975); 
NR IX, near Barnett Cave on south side of range (33 dead adults, WAM 700.79, FMNH 
204662 B. Wilson and S. Slack-Smith 30 August 1975); NR VI, leaf litter north-west of 
Stumpy's Well (7 dead adults, WAM 752.76, FMNH 204659 B. Wilson and S. Slack-Smith 29 
August 1975); NR IV, south-west face of range ca. 4 km north-west of Barker Gorge (2 dead 
adults, WAM 702.79, B. Wilson and Shirley Slack-Smith 18 May 1976); WA-312, crevice in 
rock wall 3.2 km west of Barker Gorge, south side of Napier Range (1 dead adult, FMNH 
204664); NR-11-3, ca. 2 km north of Barker Gorge, south side (12 dead adults, WAM 703.79, 
FMNH 204660, B. Wilson and S. Slack-Smith 18 May 1976). 

Discussion: Most known localities are from the north-west part of the Napier Range 
between Barker Gorge and Billy More Yard, with the type locality (WA-325) located 
between Wombarella and Yammera Gaps to the south-east. Quite probably many 
additional colonies will be discovered in suitable sheltered niches in the Napier Range. 
The general absence of records from the more heavily collected portions of the range 
between Wombarella Gap and Windjana Gorge may indicate restriction to more 
protected ravine vicinity locations in the northern Napiers. One set (WAM 750.76) is 
labelled as coming from Tunnel Creek in the far east of the Napiers, but field notes of the 
collectors suggest that this was mislabelled in processing and actually came from NR V in 
the northern Napiers. They have not been designated paratypes in view of the uncertain 
locality. 

Specimens from NR-II-3 were a trifle larger in size because the “trumpet lip" was slightly 



Gyliotrachela 91 

longer, but equally long extensions were found in other samples. 

Gyliotrachela ningbingia, n. sp. 

Figs. 3, 4, 10, 14-16, 18, 19 

Diagnosis: A species of Gyliotrachela with almost complete loss of the subperipheral 
sulcus, moderate “trumpet” extension of the aperture, little reflection of the body whorl 
(figs. 3, 4), and significant size reduction of the apertural barriers (fig. 10). G. catherina (figs. 
5, 6, 11) agrees in body whorl shape and aperture shape, but has lost the columellar and 
lower infrapalatal barriers, with the others grossly reduced in size. Both G. napierana and 
G. australis (Odhner) have strong subperipheral sulci on the body whorl, much more 
apertural reflection, and very different barrier size and number. None of the Indonesian 
species appear similar in structure. 

Description: Shell small, diameter 2.27-3.03 mm (mean 2.71 mm), with 334 to 434 (mean 4 
Yet) whorls. Spire increasing moderately rapidly in width, last eighth to quarter of body 
whorl with altered growth pattern, slightly reflected upward on free portion with 
noticeable “trumpet” extension (fig. 4). Lip edge may (fig. 3) or may not extend below base 
of body whorl. Height of shell 1.74-2.67 mm (mean 2.14 mm), H/D ratio 0.600-0.986 (mean 
0.790). Body whorl with very weakly angled periphery (fig. 3), slight trace of a 
subperipheral sulcus. Lip (figs. 3, 10) strongly flared. Barriers (fig. 10) noticeably reduced in 
prominence, occluding a much smaller portion of the aperture, but all present. Based on 
78 measured adults. 

Holotype: WAM 719.79, Station WA-427, east face of ridge 5.7 km north of No. 8 Bore, 
north end of Ningbing Range, north of Kununurra, Northern Territory. “Knob Peak" 
1:100,000 map sheet 4668 — 544:501. Collected by A. Solem 17 May 1977. Heights of 
holotype 1.74 mm, diameter 2.47 mm, H/D ratio 0.707, whorls 3 7/8. 

Paratopotypes: WAM 720.79, AMS C.117952, FMNH 200495-7, 6 live, 9 dead adults from 
the type locality. 

Paratypes: Ningbing Ranges, north to south geographic sequence: WA-428, small knob 
5.4 km north of No. 8 Bore (Knob Peak 4668 — 544:498) (2 dead adults, FMNH 199024); 
WA-430, isolated knob 5.45 km north of No. 8 Bore (Knob Peak 4668 — 542:498) (1 dead 
adult, FMNH 199043); WA-426, large hill just south of No. 8 Bore (Knob Peak 4668 — 
563:449) (2 dead adults, FMNH 200768, FMNH 200334); WA-434, 2nd peak south of No. 8 
Bore (Knob Peak 4668 — 562:439) (2 dead adults, WAM 722.79 FMNH 199053); WA-230,7 
km north of Tanmurray Bore, east face of range (Carlton 4667 — 568:415) 4 live adults, 
FMNH 200573, WAM 724.79); WA-228, isolated hill 1.5 km north of Tanmurra Creek 
(Carlton 4667 — 576:367) (4 dead adults, WAM 723.79, FMNH 200569-70); WA-227, 1.5 km 
north of Tanmurra Bore, east slope of range (Carlton 4667 — 595: 325) (1 dead adult, FMNH 
200867); WA-236, 1.8 km north of Four Mile Creek, south end of Ningbing Ranges (Carlton 
4667 — 654:096) (3 dead adults, FMNH 199021, FMNH 199059); “Bilarni Cave”, 42.5 km 
north of Kununurra, near Jeremiah Hills (Carlton 4667 — ca 732:892) (44 dead adults, WAM 
701.79, FMNH 204658). 

Discussion: Live specimens were taken on the underside of rocks in shallow talus on 
relatively open slopes. Individuals were scattered, not clumped as in some Georissa 
occurring sympatrically. No efforts could be made in November 1976 and May 1977 to 
obtain long series. Camaenids were abundant and diverse in the Ningbings, so these were 
taken “for record only”. 

Specimens from the type locality are unusual in being slightly lower in H/D ratio (Table 
2), caused by a reduced whorl count. 

Gyliotrachela catherina, n. sp. 

Figs. 5, 6, 11, 17 

Diagnosis: A species of Gyliotrachela in which the peripheral angulation and 
subperipheral sulcus are absent (fig. 5), the aperture is slightly prolonged into a moderate 
"trumpet", but only slightly reflected upward (fig. 6). Apertural barriers (fig. 11) are greatly 
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reduced in prominence, normally with the columellar, lower infrapalatal, and suprapalatal 
barriers absent, and the basal, lower palatal, and upper palatal nearly equal in size. The 
very different body whorl contour and loss of some barriers easily separate C. catherina 
from any of the other Australian or Indonesian species. Only G. australis (Odhner) (fig. 12) 
goes further in reduction of the apertural barriers. 

Description: Shell small, diameter 2.47-3.09 mm (mean 2.89 mm), with 4% to 434 (mean 4 
364) whorls. Spire width increasing slowly (fig. 5), last portion of body whorl very slightly 
reflected upward, moderately extended to a form a “trumpet ” (fig. 6), variably flared. 
Height of shell 2.07-2.63 mm (mean 2.41 mm), H/D ratio 0.725-0.920 (mean 0.833). Body 
whorl (fig. 5) almost evenly rounded, slightly flattened above periphery, no trace of a 
subperipheral sulcus. Size of barriers (fig. 11) grossly reduced, with columellar, lower 
infrapalatal, and suprapalatal barriers absent, aperture only moderately occluded. Based 
on 85 measured adults. 

Holotype: AMS C.117950, on rocks 19 km south of Katherine along Stuart Highway, 
Northern Territory. Collected by Vince Kessner 6 January 1979. Height of holotype 2.30 
mm, diameter 2.86 mm, H/D ratio 0.805, whorls 434+. 

Paratopotypes: AMS C.116598, FMNH 204655, 12 live adults from the type locality. 

Paratypes: 1 km west of Stuart Highway, 3 km north of Katherine (4 dead adults, AMS 
C.116028, Vince Kessner 3 March 1979); in crevices of rocks, 19 km south of Katherine (68 
live adults, AMS C.116031, FMNH 204655-6, WAM 721.79, Vince Kessner 13 February 1979). 

Discussion: There is significant size differences among the three sampled populations 
(Table 2), correlating with changes in whorl count, but the shells agree in basic form and 
structures. 

Gyliotrachela australis (Odhner, 1917) 

` figs. 7, 8, 12 

Hypselostoma australis Odhner, 1917, Kungl, Svensk, Vetensk, Handl., 52(16): 98, pl.3, 
figs. 107-109 — Chillagoe Caves, North Queensland. 

Gyliauchen australis (Odhner), Pilsbry, 1921, Manual of Conchology, (2), 26: 232, pl. 24, 
figs. 11-13. 

Gyliotrachela australis (Odhner), Iredale, 1937, Australian Zool.,8(4): 305; van Benthem 
Jutting, 1950, Bull. Raffles Museum, 21: 44. 

Diagnosis: A species of Gyliotrachela with an extremely prominent keel and 
subperipheral sulcus (fig. 7), moderate reflection upward of the aperture, a prominent 
"trumpet" (fig.8), and with the barriers reduced to five in number with all accessory 
barriers absent. Of Australian species, only G. napierana has an equivalent body whorl 
contour, but differs dramatically in the larger number and greater size of the apertural 
barriers (fig. 9). The Indonesian C. everetti) (E.A. Smith, 1896) and G.dohertyi (Fulton, 1899) 
agree in reduced number and size of barriers, but have much less apertural upward 
reflection, narrower spire width, and a prominent umbilical keel that is lacking in the 
Queensland G. australis. 

Description: Shell very small, diameter 2.43-3.09 mm (mean 2.74 mm), with 375 to 4% 
(mean 4%) whorls. Spire width increasing rapidly (fig. 7), last part of body whorl 
moderately reflected upward, lip flared, aperture extended into a short “trumpet” (fig. 8). 
Height of shell 1.81-2.20 mm (mean 2.03 mm), H/D ratio 0.670-0.831 (mean 0.741). Body 
whorl with protruded keel (fig. 7), very strong subperipheral sulcus. Apertural barriers low 
and slender, only parietal, angular, basal, lower palatal and upper palatal present. Based on 
24 measured adults. 

Material studied: 2nd hole, Chillagoe Caves, Queensland (17° 07’, 144 ° 30’ E) (24 dead 
adults, AMS C.54083, WAM 718.79, FMNH 204654). 

Discussion: Only a few of the dirt-encrusted sub-fossil specimens could be cleaned to 
check the apertural barrier features, but no significant variation was noted. 
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DISCUSSION 

While most records of Gyliotrachela in Australia are from cave deposits or cave mouth 
situations, the live material collected by Solem in the Ningbing Range and by Kessner near 
Katherine show that they live in situations equivalent to the recorded Malayan localities — 
seepage areas, rock faces, or talus on limestone hills. Collection of living material from 
such niches will result in smaller samples than sifting cave deposits, but provide better 
material for further study. 

Potentially any limestone hill area in Northern Australia could hold colonies of 
Gyliotrachela, and discovery of many additional species would not be surprising. Their 
occurrence in the Napier Range, common in the area north-west of Barker Gorge, but so 
far located only in an unusually shaded and damp area (WA-325) south of Wombarella 
Gap, suggests a possible water-based limitation of range. Particular attention should be 
paid to the presence of live, as opposed to "drift", material, and investigations as to the 
patchiness of the habitat would be worthwhile. Despite extensive collections in the Prince 
Regent, Drysdale and Mitchell Plateau areas of Western Australia, and near Alice Springs, 
Northern Terrritory, no trace of Gyliotrachela has been found, pointing to a possible 
limestone association in distribution. Far too little collecting has been done for such 
negative evidence to be conclusive, but it does suggest intriguing limitations on 
Gyliotrachela range. 
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FIGURES 1-6 

1-2 Gyliotrachela napierana n. sp., WA-325, west of Yammera Gap, Napier Range, Western 
Australia. Holotpye WAM 715.79, 1. Side views, 23.6 X, 2, Top view, 24.5 X. 

3:4. Gyliotrachela ningbingia n. sp., WA-427, north of No. 8 Bore, Ningbing Ranges, 
Western Australia. Holotype. WAM 719.79, 3, Side view, 23.9 X, 4, Top view, 27.3 X. 

5-6. Gyliotrachela catherina n. sp., 19 km south of Katherine, Northern Territory. 
Holotype. AMS C. 117950. 5, Top view, 24.9 X, 6, Side view, 24.0 X. 
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FIGURES 7-12 
7-8, 12. Gyliotrachela australis (Odhner). Chillagoe Caves, Queensland. FMNH 204654. 7, 
Side view, 24.1 X, 8, Top view, 24.6 X, 12, detail of aperture, 45.9 X. ~ 

9. Gyliotrachela napierana n. sp., WA-325, west of Yammera Gap, Napier Range, Western 
Australia. Holotype. WAM 715.79. Detail of aperture, 46.6 X. 

10. Gyliotrachela ningbingia n. sp., WA-427, north of No. 8 Bore, Ningbing Ranges, 
Western Australia. Holotype. WAM 719.79. Detail of aperture, 46.5 X. 
11. Gyliotrachela catherina n. sp., 19 km south of Katherine, Northern Territory. 
Holotype. AMS C.117950. Detail of aperture, 45.9 X. 
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FIGURE 13 

Gyliotrachela napierana n. sp., WA-325, west of Yammera Gap, Napier Range, Western 

Australia. Paratopotypes. FMNH 200516. Lateral view of major barriers, 215 X. 
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FIGURES 14-19 

14-16. 18-19 Gyliotrachela ningbingia n. sp., WA-427, north of No. 8 Bore, Ningbing 
Ranges, Western Australia. Paratype. FMNH 200496. 14, Apex and early spire, 103 X, 15, 
Detail of apical sculpture, 522 X, 16, Sculpture on early spire, 527 X, 18, top of parietal 
barrier, 912 X, 19, Microprojections on parietal barrier top, 4,350 X. 

17. Gyliotrachela catherina n. sp., 19 km south of Katherine, Northern Territory. 
Paratype. AMS C.116598. Sculpture on body whorl, 193 X. 
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estuaries. 
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ABSTRACT 

Thirty-four mollusc species are recorded from the Peel-Harvey estuarine system; 13 
are marine, 9 of marine affinity, 9 estuarine, and 1 freshwater (2 were 
undetermined). The number of marine and marine affinity species in the system is 
low compared to some of the other areas of southwestern Australia. Factors limiting 
the numbers of these species were considered to be the lack of varied habitattypes, 
geographical location and the rigorous temperature and salinity regime. Eleven 
estuarine mollusc species are widespread in southwestern Australia; nine were 
recorded in Peel-Harvey. Two of these, Hydrococcus brazieri and Arthritica semen 

are numerically dominant in the system. 

INTRODUCTION 

Estuaries have been defined by Pritchard (1967) as “semi-enclosed coastal bodies 
of water which have a free connection with the open sea and within which seawater is 
measurably diluted with freshwater from land drainage". The animals that inhabit this 
intermediate zone between the sea and freshwater are predominately euryhaline marine 
forms which are able to adapt to the rigors of the estuarine environment. A few freshwater 
species inhabit upstream estuarine areas if they can tolerate the increased salt 
concentration. In addition there are a few true estuarine species which are not found in 
other habitats (Day, 1967). 

Rochford (1915) divided Australian estuaries into 3 types characterized by their 
freshwater flow: (1)summer flood, winter drought; (2)winter flood, summer 

drought; and (3) estuaries with no well defined seasonal flood or drought. South western 
Australian estuaries are in the second category. The dominant features of these estuaries 
are rainfall which is restricted to the winter months and poorly developed tidal oscillation 
(Spencer, 1956). Hodgkin (1978) emphasized the seasonality of salinity variations; animals 
are subjected to seasonal variations rather than diurnal ones. These are of the same 
timescale as the life-spans of the animals and mean that an animal cannot simply “close- 
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up" for a brief period during unfavourabl conditions. 

Little is known of the molluscs of southwestern Australia estuaries. There are available 
names for most of the large species but some taxonomic problems remain; the taxonomy 
of many of the micro-molluscs has not yet been completed. Faunal lists have been 
prepared of the molluscs of the Blackwood estuary (Wallace,1975) and the Swan estuary 
(Chalmer, Hodgkin and Kendrick, 1976). In addition there are faunal lists for the marine 
embayments of Oyster Harbour and Princess Royal Harbour (Roberts and Wells, 1980). 
Hodgkin (1977) drew on the available distributional data to compare the molluscs of 
southwest estuaries. 

In 1976 the Western Australian Department of Conservation and Environment began an 
intensive investigation of the ecology of the Peel-Harvey estuarine system. As part of that 
programme a three year study of the Peel-Harvey molluscs was undertaken (Wells, 
Threlfall and Wilson, 1980). The first step in the study, reported here, was to document the 
molluscan fauna of Peel-Harvey. Subsequent papers will deal with the biology of the 
dominant molluscs of the system. 

HYDROGRAPHY OF THE PEEL-HARVEY ESTUARINE SYSTEM 
The Peel-Harvey estuarine system is a small body of water with an area of approximately 

130km. It is located 80 km south of Perth at 32°36’S and 115°42’E and consists of two distinct 
but connected parts. The largest body of water in the system is Peel Inlet (Figure 1) with an 
area of 70 km2. The Inlet is circular and shallow with a maximum depth of 2m. Shallow 
platforms less than 0.5 m depth fringe the margins of Peel Inlet and account for over half of 
the total area. Harvey Estuary is a shallow coastal basin with an area of 60 km?. There isan 
inlet channel, Mandurah Channel, leading from Peel Inlet to the sea at the town of 
Mandurah. The inlet channel has deltas at both ends. 

Freshwater inflows into Peel Inlet occur from the Serpentine River and Murray River. 
Both are tidal in their lower reaches, and both have deltas at their mouths in Peel Inlet. 
Harvey Estuary originally received all the outflow of the Harvey River, but the upper part of 
the river has been diverted and now flows directly into the sea. The total freshwater runoff 
into the Peel-Harvey estuarine system averages 430 x 105m?/year, with 364 x 105m? coming 
from the Murray River. The freshwater inflow varies considerably from year to year, with 
the observed extremes for the Murray River being 60 to 1100 x 105m?/year. The river flow is 
strongly seasonal, with 9596 occurring in the months of June to September (Hodgkin, pers. 
comm). 

Seasonality of the freshwater inflow causes substantial changes in the salinity of the 
system during the year. The water of Harvey Estuary is nearly fresh during the winter and 
salinities in Peel Inlet briefly reach 5960. With the lack of freshwater inflow and the 
increased evaporation in summer Peel Inlet and Harvey Estuary become hypersaline with 
salinities above 50960 for several months. 

Daily tides in southwestern Australia are les than 1m and water level is often substantially 
altered by meteorological conditions (Hodgkin and Dilollo, 1958). In Peel Inlet tidal action 
is reduced and daily variations are less than 0.1m Meteorological conditions cause changes 
of up to 0.5m over periods of 5 to 15 days. 

MATERIALS AND METHODS 
Several collecting trips were made from December 1976 to March 1977; general 

collecting was done in all seasons during the next three years as time permitted. A two year 
sampling programme was conducted at Coodanup on Peel Inlet from March 1977 to 

February 1979 at a station 100m from shore. A corer with an area of 98.5 cm? was used to 
remove sediment to a depth of 2cm. Samples were sieved through a 1mm mesh in the field 
and the material was searched in the laboratory for live molluscs. Molluscs in other 
southwestern estuaries were collected in December 1979. A search of the collections of 
the Western Australian Museum provided additional distributional records. 

RESULTS 
Thirty-four species of molluscs were recorded in the Peel-Harvey estuarine system 
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(Table 1); 1 chiton, 21 gastropods, and 12 bivalves. 

Chalmer et al. (1976) developed the following classification for molluscs in the Swan 
estuary based on a subjective assessment of their distributional patters and salinity 
tolerances. : 
Marine species: those which occur in estuaries for only short periods or are presentonly 
at irregular intervals. 
Species of marine affinity: those with an essentially marine distribution but which also 
occur frequently in estuaries. 
Estuarine species: those that do not occur in marine or freshwater areas. 
Freshwater species: those that never occur in marine areas; they may be found in the 
upper reaches of estuaries. 

The categories are essentially those proposed by Day (1951) except for the absence of his 
fifth category of migratory species. 

The classification of Chalmer et al. (1976) and Roberts and Wells (1980) were applied to 
the species in the Peel-Harvey estuarine system (Table 2). There is a general progression 
from the large number of marine and marine affinity species collected at Mandurah to the 
Harvey River, in which only a single freshwater species was found. All 9 of the estuarine 
species were recorded in Peel Inlet; 3 estuarine species were collected in Harvey Estuary 
and 3 at Mandurah. 

The locations of the other estuariessurveyed are shown on Figure 2; species recorded in 
these estuaries are listed on Table 3. The list is conservative; only species classified as 
estuarine are recorded. Only limited distributional data are available for most species of 
molluscs which occur in estuaries. Salinity tolerances have been studied only for H. 
brazieri and A. semen (Wells, Threlfall and Wilson, 1980), Xenostrobus securis and X. 
inconstans (Wilson 1968; 1969) and Nassarius spp (Smith, 1975). Because of this the 
classification of species is partly subjective and other authors might disagree. For example 
three cockles of the genus Katelysia occur on sandflats at the mouths of estuaries in the 
southwest. They are affected by lowered salinity for only brief periods during the year and 
we believe the species are better regarded as being of marine affinity; other authors might 
classify Katelysia as estuarine. 

Table 3 shows there is a small suite of truly estuarine species in the southwest, most of 
which are widely distributed in the 12 estuaries and marine embayments surveyed. The 
Peel-Harvey system has the most estuarine species with 9 and several other estuaries have 
7. The 9 species were recorded during a 3 year concentrated study during which several 
rare species were collected. Batillariella estuarina for example was recorded from a single 
live individual. Seven estuarine species were recorded from Broke Inlet in a single 
morning. 

Table 4 compares the molluscan fauna of Peel-Harvey with the other areas of the 
southwest from which data are available. The total number of species in Peel-Harvey is 
much lower than in the Swan River estuary, Oyster Harbour and Princess Royal Harbour. 
This is due to the low number (22) of marine or marine affinity species in Peel-Harvey 
compared to the other areas, which had 86 to 122 species in the two categories. 

DISCUSSION 
The molluscan fauna of southwestern estuaries can be divided into three groups: true 

estuarine species which are adapted specifically to estuarine conditions; species which 
have invaded the estuary from adjacent marine areas (marine and marine affinity); and 
freshwater species present in the upstream areas. The freshwater species are a minor 
element of the fauna. In Peel Inlet several factors appear to limit the number of mollusc 
species that are marine or of marine affinity; habitat types, geographical location, 
temperature and salinity (Wells and Threlfall, 1980). 

The estuarine system is shallow, with a largely sandy bottom, and there is little variation 
in the available habitats. The greatest diversity of molluscs in the system occurs on rocks at 
the mouth of the Mandurah channel. The mouths of the Swan River, Oyster Harbour and 
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Princess Royal Harbour are also areas of high diversity; relatively few species penetrate 
above the seaward portion of the estuary. The mouth of the Blackwood River is sandy. This 
eliminates rocky shore species and keeps the total number of species recorded in the 
estuary low (Table 4). The absence of hard substrata in Peel Inlet and Harvey Estuary 
prevents many species from occurring there. 

The geographical location of Peel Inlet is in an area where there are few tropical species 
and the pool of available temperate species is less than in areas further south (Wilson and 
Gillett, 1979; Wells, 1980). 

Many species which occur in the marine areas adjacent to the Peel-Harvey estuarine 
system are prevented from entering because of the variations in temperature and salinity 
in the estuary. Emery et al. (1957) have pointed out that the significant feature of these 
parameters is not the mean value, but rather the changes on a daily and seasonal basis and 
the rate at which they change. Salinity at Coodanup ranged from 2to 53% and temperature 
from 10 to 27?C. 

The diversity of molluscs in Peel Inlet during recent geological time was investigated by 
Treloar (1978). He found 25 species in the lower sediments (representing 6000 — 4000 years 
BP), most of which were marine or estuarine marine (here referred to as marine affinity). 
The fauna included species such as Katelysia scalarina and K. rhytiphora which are still 
common at the mouths of estuaries along the south coast of Western Australia from Oyster 
Harbour to the Blackwood River, but no longer occur on the west coast. While there were 
fluctuations in the number of mollusc species over time, the most dramatic decline in the 
number of species occurred about 4000 BP. The reasons for the reduction in species are 
not clear but could involve such mechanisms as changes in precipitation or reduced 
exchange with the ocean. Notospisula trigonella stands out in contrasts to the general loss 
of species. N trigonella has recently colonized southern Western Australia (Wilson and 
Kendrick, 1968) and is now common in Peel-Harvey. 

Hydrococcus brazieri and Arthritica semen are the numerically dominant molluscs of 
the Peel-Harvey system, with mean densities at Coodanup of 9487/m? and 8105/m? 
respectively. A. semen is widespread in both Peel Inlet and Harvey Estuary but H. brazieri is 
absent in Harvey Estuary: both are present in almost all southwestern estuaries and they 
are often numerically dominant. They exhibit several adaptations which allow them to 
thrive in the estuarine environment: continuous reproduction, protective mechanisms for 
developing young, lack of a planktonic stage, rapid growth rates and short maturation 
times, and wide salinity and temperature tolerences (Wells, Threlfall and Wilson, 1980). 
The other dominant molluscs, mytilid mussels and the bivalve Fluviolanatus amara, which 
while not a mytilid is ecologically similar, have different strategies for survival in 
southwestern estuaries. Wilson (1968; 1969) demonstrated a wide salinity tolerance of 
Xenostrobus securis which was enhanced by the ability of the animal to close its valves 
during unfavourable periods. Mytilids were shown to have relatively long breeding 
periods (Wilson and Hodgkin, 1967) as does F. amara in Peel Inlet (Wells, Threlfall and 
Wilson, 1980). These species have separate sexes and expel gametes into the surrounding 
water. After a planktonic developmental stage the larvae settle and metamorphose into 
the juvenile form. Much larger numbers of gametes are produced in these species than in 
either H. brazieri or A. semen. 
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1. Map of the Peel-Harvey estuarine system. 
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2. Map of southwestern Australia showing the locations of estuaries in which species 
were collected. 1, Swan Estuary; 2, Peel-Harvey estuarine system; 3, Leschenault Inlet; 4; 
Blackwood Estuary; 5, Broke Inlet; 6, Nornalup Inlet; 7, Irwin Inlet; 8, Parry Inlet; 9, Wilson 
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The biology, functional morphology and taxonomic 
status of Fluviolanatus subtorta (Bivalvia: Trapeziidae), a 
heteromyarian bivalve possessing “zooxanthellae”. 

By 
Brian Morton 

Department of Zoology, The University of Hong Kong 

ABSTRACT 

The biology and functional morphology of Fluviolanatus subtorta is described. The 
species occupies coastal lagoons along the eastern coast of Australia and is widespread, in 
estuaries, throughout the continent. The shell is heteromyarian in form with a reduced 
anterior slope and a long, thin, internal ligament overlain by fused periostracum. The 
hinge plate possesses no hinge teeth and there is no byssal notch. The thin shell comprises 
two layers: an outer crossed lamellar layer and an inner complex crossed lamellar layer. 
Ventral mantle fusion involves the inner folds only and the siphons are short with few 
papillae. The large ctenidia comprise both lamellae and the ciliation is of Type C (1) 
(Atkins 1937). The labial palps are small. The style sac and mid gut are initially conjoined 
but soon separate. The stomach is of Type V (Purchon, 1960) and adapted for dealing with 
large amounts of fine particles. The life style is discussed. 

Hitherto, Fluviolanatus has been located in the Mytilacea. This study shows that this 
species is a typical eulamellibranch and after comparison with heteromyarian 
representatives of known heterodont families it is concluded that the genus should be 
more correctly located in the Trapeziidae (Arcticacea), its closest relative being the coral- 
associated nestler Coralliophaga. 

Major interest centres around the greatly enlarged inner and outer folds of the vental 
mantle margin. These possess large numbers of what appear to be vegetative algal cells. It 
has proven to be impossible to obtain further specimens for more detailed study but the 
cells are some 8 uw in diameter and have all the characteristics of “zooxanthellae” (e.g. 
Symbiodinium microadriaticum) typically symbionts of, among others, hermatypic 
scleractinian corals, gians clams of the genera Tridacna and Hippopus and the cockle 
Corculum. The possible nature of this symbiosis between Fluviolanatus and its 
"zooxanthellae" is discussed. More research is called for on this unusual bivalve. 
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INTRODUCTION 

Fluviolanatus subtorta is widely distributed in New South Wales, Australia, occurring in 
rivers and coastal lagoons, byssally attached to matted algae. It has hitherto been assigned 
to the Mytilacea Rafinesque (sub family Modiolinae Keen 1958) (Iredale, 1924), 
subsequent investigators uncritically accepting this taxonomic placing (Soot-Ryen, 1969). 

During a visit to The Australian Museum, Sydney, in 1972, Fluviolanatus was initially 
brought to my attention by Dr. Winston Ponder and a short time for investigation was 
sufficient only to determine that the genus was indeed wrongly located with the mytilids. 
During a further visit to Sydney in 1979, an opportunity was taken to re-examine 
Fluviolanatus in more detail. 

The evolution of the heteromyarian form characteristically results in a loss of dentition, 
so often a clue to phylogenetic affinity within the Bivalvia. Conversely, similarities are 
enhanced because of convergent adaptations to the same life style. Thus, despite 
important specific evidence to the contrary, Purchon and Brown (1969) linked together 
the Mytilacea and Driessenacea. A similar situation has hitherto existed with 
Fluviolanatus; its form superficially suggesting a link with the Mytilacea. This investigation 
seeks primarily, on the basis of features other than shell characters, to ascribe 
Fluviolanatus to its correct taxonomic position. But it also illustrates very interesting, 
hitherto unsuspected aspects of the biology of this unusual and enigmatic bivalve. 

MATERIALS AND METHODS 

Specimens of Fluviolanatus subtorta were collected from Dee Why lagoon, near 
Sydney, New South Wales, Australia, during May 1979. Dissections were undertaken in the 
laboratories of The Australian Museum, Sydney, and ciliary currents elucidated using 
carmine suspended in 50% sea water. Material was fixed in 5% formalin, sectioned at 6 u 
and alternate sections stained in Ehrlich's haematoxylin and eosin or Masson's trichrome. 
Other sections of the mantle margin were stained in Conn's Safranin and Fast Green and 
Darrow’s Safranin and Anilin blue for cellulose. Teased “zooxanthellae” from the ventral 
mantle margin were also examined using a Nomarski differential interference contrast 
(DIC) microscope. Regrettably | have been wholly unable to obtain further material 
suitably fixed for electron. microscopy. 

TAXONOMY 

The species here under consideration was originally described as Modiolarca subtorta 
(Dunker 1857). Subsequently the genus Fluviolanatus was erected by Iredale (1924) to 
separate a single species — F. subtorta — from other mytilids. 

Laseron (1956) later described a second species — F. amarus — from Dee Why lagoon, 
near Sydney. This author considered Dunker's F. subtorta to be a northern species 
originating from Port Essington, in the Northern Territories, and to be anteriorly narrow. F. 
amarus, on the other hand, is a southern species and has parallel dorsal and ventral 
margins. 

Gabriel (1962), however, records F. subtorta from S.E. Australia occurring "on weed in 
coastal lagoons”. Gabriel, moreover, considers the type to be Modiola subtorta Reeve 
1858(non Dunker): Soot-Ryen (1969) considered the correct name to be F. subtorta 
Dunker 1856 (1857). The occurrence of two very similar species in S.E. Australia, sharing a 
similar habitat, seems unlikely. F. amarus is probably thus but a junior synonym of F. 
subtorta, the two "species", in reality, no more than two extremes of the morphological 
range in shell form. 

Dr. F.E. Wells of the Western Australian Museum has sent me material of F. amarus from 
Western Australia and | am convinced that the two species are conspecific. 

BIOLOGY 

Fluviolanatus subtorta occurs in estuaries and coastal lagoons and appears to extend all 
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along the eastern coastline of Australia from the south eastern tip to the north eastern 
Northern Territories (Laseron, 1956). 

Specimens of F. amarus (here considered conspecific with F. subtorta) have also been 
received from Western Australia. At Ravenswood in the Murray River, 80 km south of 
Perth, the species occurs in dense populations on logs and is associated with Xenostrobus 
securis (F.E. Wells, personal communication). 

At Dee Why lagoon near Sydney where the specimens here reported upon were 
collected the species was found byssally attached to the stems of the surrounding fringe of 
reeds and to the algal mat (possibly Hypnea sp.) and any other solid substrate on the 
shallow lagoon floor. Associated with Fluviolanatus was, also byssally attached, the mytilid 
Xenostrobus securis. The biology of the latter species has been described by Wilson 
(1967). In the mud occur the burrowing bivalves Psammobia onuphria and Arthritica 

helmsii. Crawling over the surface of the mud were the two snails Salinator fragilis and 
Hydrobia buccinoides. This molluscan assemblage clearly points to an estuarine 
environment. The lagoon is intermittently inundated by fresh water and on occasion by 
sea water. | can find no information on the hydrology or ecology of these coastal lagoons. 

FUNCTIONAL MORPHOLOGY 

The shell and ligament 
The shell of Fluviolanatus (Fig. 1A) is inequivalve and inequilateral. Generally, though 

very variable in form, the shell is roundly rectangular with the right valve somewhat larger 
than the left, the latter enclosed marginally by the former. Everywhere except for a slight 
gape posteriorly the valves meet when apposed; there is thus no byssal notch. Dorsally 
(Fig. 1B), the valve margin is straight but ventrally it is sinusoidally curved (Fig. 1C and E). 
The shell is markedly inequilateral resulting in the assumption of the heteromyarian form, 
the anterior face of the shell being reduced and the posterior enlarged. The large and flat 
umbones are sub-terminal and pointed forwards (Fig. 1D). The dorsal margin of the shell is 
slightly arched, the ventral margin variably either flat, inflated or depressed. The shell is 
very thin and a translucent brown. The underlying tissues are also heavily pigmented 
brown. Up to three lighter brown rays diverge from the umbones to the posterior margin 
of the shell and a further light ray extends ventrally from the umbones to the point where 
the byssus emerges from between the valves. Both the colour patterning and theshape of 
the shell is, however, extremely variable and almost certainly F. amarus is but a form of F. 
subtorta as discussed earlier. 

Internally, the shell is brown with distinct pallial and muscle scar impressions. The 
ligament (Fig. 1F, L) is internal, opisthodetic, thin and located on weak nymphs. There are 
no hinge teeth and the umbones are slightly separated. Serial sections of the primary 
ligament (Fig. 2) show that it comprises a thick posterior outer ligament layer (POL) 
overlying a ventrally curved inner ligament layer (ILL). The anterior outer ligament layer, if 
at all present, is very much reduced. Dorsally, the primary ligament and the postero-dorsal 
regions of the shell are united by a thin layer of fused periostracum. Behind the umbones 
the primary ligament is split (Fig. 2D-H) this resulting from a weak tangential component 
of growth (Owen, 1958). 

Seen from the anterior and posterior aspects (Fig. 1D and F), the enclosing nature of the 
right valve is more apparent as is the curvature of the ventral margin. It can also be seen 
that the greatest width of the shell is somewhat dorsal to the mid dorso-ventral axis of the 
shell and the form is thus typical of many nestling heteromyarian bivalves e.g. Modiolus, 
Philobrya, Gaimardia and Trapezium (Morton, 1977; 1978a; 1979, a;b). 

Internally (Fig. 1F), the pallial line (PL) is thick and deeply recessed between the valves. 
There is a shallow pallial sinus (PS). The anterior adductor muscle (AA), located on the 
anterior face of shell, is round in outline and only slightly smaller than the posterior 
adductor (PA) which is located on the postero-dorsal edge of the shell. Internal to each is 
anterior and posterior byssal retractor muscles (ABR:PBR), the former smaller than the 
latter. 
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Dr. J.D. Taylor of the British Museum (Natural History) has kindly examined the shell 
structure of specimens of F. subtorta and shown it to comprise an outer crossed-lamellar 
layer and an inner complex crossed-lamellar layer. 

The mantle 
Each mantle lobe comprises three folds. Mantle fusion between the exhalant and 

inhalant siphons and between the inhalant siphon and the pedal gape is of the inner folds 
only and thus of type A (Yonge, 1957; Stanley, 1968). Dorsally, mantle fusion progressively 
involves further folds until with the fusion of the inner surfaces of the outer mantle folds, 
there is formed a continuous secretory epithelium and thus a layer of fused periostracum. 

Seen in tranverse section, the mantle margins comprise fused inner folds, posterior to 
the pedal gape (Fig. 3 FIMF), that are weakly cross invaded by pallial retractor muscles 
(PM). The middle fold (MMF) is extremely small whereas the outer fold is very large 
(OMF). The inner surface of the outer fold secretes the periostracum (P) which comprises 
two layers (Fig. 4). An inner layer (IP) stains blue in Masson's trichrome, whereas an outer 
layer (OP) stains red. The latter is somewhat fringed and to itis attached a luxuriant growth 
of algae and diatoms in particular. The outer fold also possesses an enormous haemocoel 
that contains large numbers of what appear to be algal cells (Figs. 3, 4, 5, 6). The cells (Z), 
seen in greater detail in Figure 5, are round or polygonal, possess a thin, smooth, outer 
coat lacking pores or reticulations as revealed by examination of smears using Nomarski 
optics. The cell walls and assimilation product stain positively for cellulose in Conn's and 
Darrow's stain, the cytoplasm colourless. The cells, without flagellae and thus vegetative 
(VC), are 6-8 in diameter with an irregular, brown, assimilation product (AP); some 2 uin 
diameter, linked to the outer cell wall. The nucleus (N) is indistinct and the cytoplasm 
contains a few cell inclusions such as oil droplets (OID) and vacuoles (VA). Younger, 
smaller cells (YVC) are more darkly staining but still with a distinct assimilation product 
(AP) and chloroplasts (CH). These structures are not molluscan amoebocytes or 
granulocytes (Cheney, 1971) or eggs. The cells are wholly unlike Chlorella recorded from 
the mantle of Anodonta cygnea (Goetsch and Scheuring, 1926) but remarkably similar to 
vegetative “zooxanthellae” (Symbiodinium microadriaticum) recorded from a wide 
range of coelenterates but especially hermatypic, scleractinian corals and giant clams of 
the genera Tridacna and Hippopus and illustrated by McLaughlin and Zahl (1966; Figs. 1, 4, 
7 and 8). The final decision as to the status of these cells in the mantle margin of 
Fluviolanatus must be left to other local scientists, as | have been unable since this research 
was undertaken in 1979 to obtain further material fixed for electron microscopy. If they do 
ultimately prove to be “zooxanthellae” as | believe, the physiological consequences for 
them and Fluviolanatus must also be investigated. Some discussion of this question will 
follow. 

The inner mantle fold possesses glands discharging onto the inner surface of the 
mantle. Posteriorly (Figs. 3 and 7b; EXC (2)) these are epithelial, anteriorly (Figs. 6 and 7a; 
EXC (1)) they are sub-epithelial. Possibly they secrete mucus to assist in pseudofaeces 
consolidation and discharge. 

The siphons 
The siphons (Fig. 8) are formed by fusion of the inner mantle folds only and are densely 

pigmented brown. Although the pallial sinus itself is shallow, the pallial line is deeply 
recessed between the shell valves and the siphons can thus be deeply withdrawn. The 
siphons are extremely sensitive, rarely fully expanding. The exhalant siphon (Fig. 9A, ES) is 
small and in the form of a cone. The inhalant siphon (IS) is much larger and at its apex bears 
a crown of papillae arranged in two cycles. An inner ring of approximately sixteen large 
tentacles is surrounded and interspersed by an outer cycle of smaller papillae. 
Surrounding the base of each siphon laterally are found a series of much larger tentacles 
that also extend dorsally. As the mantle folds progressively fuse these become smaller. 
Siphons and tentacles are pigmented brown, the larger tentacles possessing a white ring at 
their apex. 

The ctenidia and labial palps 
The ctenidia of Fluviolanatus (Fig. 9A) are exceptionally large, eulamellibranch, 

homorhabdic and non-plicate. The outer demibranch (OD) is much shorter than the 
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inner (ID). The ascending lamellae of both the outer and the inner demibranchs attach to 
the visceral mass by tissue union. The ciliary currents of the ctenidia are of type C (1) 
(Atkins, 1937) and thus typical of many lamellibranch bivalves. Acceptance tracts are thus 
located in the ctenidial axis and in the ventral marginal food groove of the inner 
demibranch only (Fig. 9B). : 

In section (Fig. 10) each filament is of simple structure and comprises three apical cells 
possessing a fringe of frontal cilia (FC) 5u in length. These are flanked on either side by a 
cell possessing longer (12 u) eulatero-frontal cilia (ELFC) and with, characteristically, a very 
large (6u) nucleus. External to this is a single non-ciliated cell. The sides of each filament 
comprise large cells that possess stiff lateral cilia (LC) which are approximately 18 u in 
length. Internal to the lateral cells are non-ciliated, flattened cells of the filament base 
enclosing the filament blood vessel (BV). Each filament is supported by thick “chitinous” 
rods (CR) and cross-connected by transverse fibres (TF). 

The ctenidial-labial palp junction is of category III (Stasek, 1963) and the anterior end of 
the inner demibranch only projects between the ridged inner surfaces of the palps. The 
palps (Fig. 9A, LP) are exceedingly small and in the largest individuals never comprised 
more than 7 or 8 parallel ridges and grooves. 

The mouth is located close to the postero-dorsal edge of the anterior adductor muscle 
and overlies the anterior byssal retractor muscles. The lips of the mouth are small and 
fleshy. 

The ciliary currents of the mantle and visceral mass 
The ciliary currents of the mantle (Fig. 11) are directed forwards and downwards on the 

dorsal regions. Ventrally, the ciliary currents are directed downwards and backwards 
passing unwanted material into a major rejectory tract on each mantle lobe and which 
extends posteriorly along the fused inner mantle folds towards the inhalant siphon (IS). 
Pseudofaeces travelling along these ciliated rejection tracts are presumably bound up in 
the mucus produced by the pallial glands (Fig. 7, EXC (1); EXC (2)) of theinner mantle folds 
and are eventually discharged from the inhalant siphon. 

On the visceral mass (Fig. 12), the ciliary currents arise from a postero-dorsal focus and 
send material either antero- or postero- ventrally. In the former case particles are swept 
forwards and eventually downwards towards a major rejection tract located on the ventral 
region of each side of the visceral mass. In the latter case particles are swept backwards 
and downwards and fall from the visceral mass from its posterior border. On the general 
surface of the visceral mass therefore particle movement is ventral supplying a rejection 
tract that removes material from the visceral mass and on to the floor of the fused inner 
mantle folds. 

The musculature, foot and byssus 
The anterior adductor muscle (Fig. 12, AA) is located on the anterior face of the shell and 

is slightly smaller than the posterior adductor (PA) which is located close to the postero- 
dorsal margin. Internal to each adductor muscle is a single byssal retractor muscle 
(ABR:PBR), the anterior being considerably smaller than the posterior. 

The foot (F) is relatively large and divided into a small “heel” and a greatly elongate 
"toe" that protrudes through the small pedal gape (PG) during locomotion. There is an 
extensive byssus gland dividing “heel” and “toe” and this secretes a small byssus (BY) that 
separates into short threads. The byssal groove (Fig. 13A, BGR) is located ventrally and the 
sole of the foot possesses an extensive sub-epithelial gland (PEG) that presumably secretes 
mucus. Seen in longitudinal section the byssus groove comprises a deep invagination, 
surrounded by the sub-epithelial cells of the byssus gland (BG) that stain positively in light 
green. Around the periphery of the foot the sub-epithelial mucous gland stains only very 
lightly in light green. In transverse section the byssus groove is thrown into a number of 
radially arranged cords which increase the surface area of the secretory tissue but which 
also serve to anchor the byssus into the visceral mass. The byssal retractors (ABR; PBR) 
diverge in the foot. The musculature (PEM) of the foot is not well defined and comprises an 
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outer layer of circular muscle internal to which are the longitudinal muscles of the byssal 
retractors, and radial muscles. The haemocoel of the foot possesses a few 

“zooxanthellae”. Located within the foot, below the posterior byssal retractors are the 
pedal ganglia connected to the cerebropleural ganglia by the cerebropleural-pedal 
connectives (CPC). Antero-lateral to the ganglia are a pair of statocysts (Fig. 13B, SC). Each 
statocyst is some 30 u in diameter and contains a solid, circular statolith (ST) 6-8 u in 
diameter. 

The alimentary canal 
The stomach (Fig. 14, S) is located under the ligament and is surrounded by the dark 

mass of the digestive diverticula (DD). The oesophagus (Fig. 14, O; Fig, 16A) is a flattened 
tube some 150 x in diameter and comprises a columnar epithelium, on average 204 in 
height that is thrown into a number of pleats. The cells are fringed by cilia 6 u long. 

The oesophagus opens into the stomach on its antero-ventral border. The stomach (Fig. 
15) is small and globular and of Type V (typical of the Eulamellibranchia) (Purchon, 
1958a;1960). The descriptive stomach terminology of Purchon is used here. From its 
postero-ventral border arises a conjoined style sac and mid gut (CSM) that very quickly 
separate. From the style sac arises the major typhlosole (TY) accompanied along its right 
border by the intestinal groove (IG). The major typhlosole sweeps across the floor of the 
stomach to penetrate the right caecum (RC). It emerges from this caecum, traverses the 
anterior floor of the stomach from right to left and penetrates the left caecum (LC). The 
typhlosole emerges from this aperture to terminate on the floor of the stomach. Into the 
left and right caeca open the ducts to the digestive diverticula. Above the left caecum is 
located the left pouch (LEP) which engages a cusp of the gastric shield (GS) in its orifice. 
Curving around the posterior edges of the left pouch and caecum is a sorting area (SA6). 
The gastric shield is large and covers the left and postero-dorsal regions of the stomach. 
Against it rotates the crystalline style (CS) that emerges from the style sac (SS). From the 
mid gut (MG) arises the minor typhlosole (MT) that extends along the right wall of the 
stomach to terminate above the right caecum. Extending up the right side of the stomach 
and arching over to pass material into the dorsal hood (DH) (whose orifice is located on 
the left, antero-dorsal face of the stomach) is a ciliary tract. This is supplied posteriorly by 
sorting area SA3 and fed anteriorly by sorting area SA7 which arises on the floor of the 
stomach, under the aperture of the oesophagus, to pass up the right side, over the roof 
and into the dorsal hood. From the dorsal hood arises an elevated ridge (EL) that removes 
material from this cavity to take it to the posterior region of the stomach close to the 
aperture of the mid gut. 

Thus, material entering the stomach is caught up by the crystalline style and presumably 
subjected to the extra-cellular digestive processes of this organ (Morton, 1973). Large 
particles fall onto the floor of the stomach where they are channelled into the intestinal 
groove (IG) by strong cilia on the surface of the major typhlosole. Small particles, in 
suspension, can enter the left and right caeca and the left pouch to be taken up by the 
digestive diverticula and subjected to the second process of intra-cellular digestion in this 
organ. Particles of intermediate size are collected by the sorting areas of the stomach (all 
of type A (Reid; 1965) and either accepted (as by, for example, sorting area SA6) or are 
recirculated, some being brought back into contact with the dissolving head of the style 
and if still of too large a size, rejected. 

The style sac passes into the visceral mass and in transverse section comprises a number 
of epithelial zones earlier recognised by Kato and Kubomura (1954) and Morton (1969). 
The style sac (Fig. 16D) is 140 u in diameter and largely comprises a uniform columnar 
epithelium of cells 10 tall with cilia 10 u long (the A cell layer). The major typhlosole, the 
B cell layer, comprises cells 22 u tall with a centrally located, elongate nucleus and cilia 4 u 
long. A longitudinal “gutter” (G) in the style sac is flanked on one side by the C cell layer 
(which corresponds to the intestinal groove) and comprises cells 6u tall with cilia 8 u long. 
The opposite side of the "gutter" comprises the D cell layer (D) of cells 64 tall with cilia 
8-10 u long. In Dreissena polymorpha (Morton, 1969) a style sac of similar structure is found 
and the D cells secrete the style matrix. 
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The separated mid gut (Fig. 16B) comprises a narrow tube 100 u in diameter that 
possesses the minor typhlosole forming a large epithelial inpushing in the lumen. The 
epithelial cells are on average 20 utall, with a basal nucleus and cilia 8 u long. The mid gut 
loses the typhlosole and forms a simple tube — the hind gut (Fig. 16C) — uniformally 
composed of an epithelium 14 u tall fringed by cilia 10 ^ long. The gut penetrates the heart 
as the rectum (Fig. 16E). In so doing the diameter is considerably reduced to 60 wand the 
epithelium is thrown into a number of longitudinal pleats. The epithelial cells are 10 u in 
height, with a basal nucleus and very long cilia (10-12 u). The rectum passes over the 
kidney (Fig. 14, K), between the posterior byssal retractors (PBR) and over the posterior 
adductor (PA) to terminate on the posterior face of this muscle in an anus (AN). 

The digestive diverticula of Fluviolanatus (Fig. 16F) are of the typical elumellibranch 
structure as described by Owen (1955) and by Morton (1970a; 1973; 1980b) in anumber of 
studies of a variety of bivalves. The digestive tubules comprise two cell types: digestive 
cells (DC) form the sides of the tubule, are some 20 uw in height and in the collected 
specimens, possessed large amounts of food material enclosed within intra-cellular 
vacuoles and staining positively in light green. Ranks of digestive cells are separated by 
clusters of conical crypt cells (CC) which Morton (1970a) has shown to possess a 
regenerative function and which stain positively in acid fuchsin. From these cells are also 
arise long (25 u) cilia (CI). 

The pericardium 
The pericardium (Fig. 15 PER) is located posterior to the ligament and contains a heart 

which comprises a single ventricle (V) and single anterior and posterior aortas. Laterally 
are a pair of thin walled auricles (AU). From the posterior face of the pericardium arise the 
paired kidneys. Each proximal limb (PK), arising from a renopercardial aperture (RPA) is a 
narrow tube some 30 u in diameter and comprising a cuboidal epithelium 5y tall densely 
lined by cilia 12 4 long (Fig. 18C). This region of the proximal limb is unusually long and 
eventually opens into a non-ciliated region (Fig. 17, PK (NC)) that comprises a long, deeply 
folded tube composed of unciliated, columnar cells 15 u tall with apical cilia and a fringe of 
microvilli (Fig. 18B, MI). The proximal limbs are located under the paired distal limbs (Figs. 
15 and 17, DK) and posteriorly the former divide and communicate with the latter which 
extend over and around (but do not enclose) the proximal limbs. The distal limbs (Fig. 
18A) comprise a columnar epithelium, with highly vacuolated cells 20 u tall possessing a 
basal nucleus 4 u in diameter but also possessing, distally, an excretory concretion (EC) 5u 
in diameter on average. Anteriorly, left and right distal limbs fuse and eventually open 
into the supra branchial chamber on each side via a small excretory duct and renal 
aperture (Fig. 15, RA). The excretory aperture is located close to a small gonadial aperture 
(GA) arising from the gonads. Fluviolanatus subtorta is dioecious the gonads extending 
around the visceral mass and dorsally into the mantle. 

DISCUSSION 

Interest in Fluviolanatus subtorta is from two major points of view. The first concerns its 
affinities with the remainder of the Bivalvia. Hitherto the genus has been located in the 
Mytilacea (Iredale, 1924; Laseron, 1956; Soot-Ryen, 1969) but the possession of a 
eulamellibranch ctenidium clearly precludes association with this superfamily, indeed 
with the Pterioida altogether. Of the remaining orders of bivalves, a trend towards a 
heteromyarian form occurs in representatives of the Myoida, Pholadomyoida and the 
Heterodonta. In the Myoida there is a general tendency towards deep burrowing and the 
mantle fusions typically involve more than the inner folds and the siphons are long and 
fused. Similarly, approximately heteromyarian bivalves occur in the Lyonsiidae of the 
Pholadomyoida (Anomalodesmata) (Yonge, 1952; Narchi, 1968; Morgan and Allen, 1976). 
Of especial interest here is the fresh water, heteromyarian lyonsiid (Guianadesma 
sinuosum (Morrison, 1943). In these bivalves, however, the ctenidia lack the ascending 
lamella of the outer demibranch and the ctenidial ciliation is thus of type E (Atkins, 1937). 
The mantle margins are again extensively fused, often with a fourth pallial aperture. 
Fluviolanatus lacks all the anomalodesmatan features recently reviewed by Morton 
(19813). 
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It thus seems likely that Fluviolanatus should more correctly be assigned to the 
Heterodonta and amongst this assemblage, only a few phylogenies possess heteromyarian 
representatives. These include the Dreissenidae Gray in Turton 1840, the Gaimardiidae 
Hedley 1916 (regarded by Ponder (1971) as a sub-family — Gaimardiinae — of the 
Cyamiacea), the Trapeziidae Lamy 1920 and the Carditidae Fleming 1828. Important 
features of these four families are compared with Fluviolanatus in Table 1. Of the four 
families, the Dreissenidae can, on shell characters alone, be omitted. Members of this 
family (Morton, 1969; 1981b) characteristically possess a shell shelf (or septum or 
myophore plate) to which is attached the anterior adductor muscle and, to a lobe of this in 
Mytilopsis, the anterior byssal retractor muscle. Similarly, the ligament of Dreissena has 
been shown to be unique with a tongue of tissue extending above the primary ligament 
and secreting two separate layers of periostracum (Yonge and Campbell, 1968). 

Separation of representatives of the other three families is usually possible on hinge 
teeth structure, but the absence of hinge teeth in Fluviolanatus precludes this criterion. 
The Gaimardiidae can, however, also be excluded because of their homogeneous shell 
structure (Taylor, Kennedy and Hall, 1973). For other reasons also the Gaimardiidae can be 
separated from Fluviolanatus. Gaimardiid bivalves are generally small and often related to 
the lucinid-leptonid line of evolution (Newell, 1965). In Neogaimardia there is an internal 
ligament whereas in Gaimardia and Kidderia it is either sub-internal or external. Similarly, 
although Neogaimardia possesses an inner demibranch only and thus has a gill ciliation of 
type D, species of Perrierina, Kidderia, Anisodonta and Cyamium possess both 
demibranchs and, in the case of Anisodonta, a gill ciliation of type C (1). Anisodonta is, 
however, non-byssate in the adult (Ponder, 1971). The siphons of all gaimardiids are 
exceedingly simple; there are no pallial glands and little is known of the stomach 
structure. Such information on the latter as is available comes from a study of Turtonia 
minute (Oldfield, 1955), a bivalve, like Fluviolanatus, of dubious affinity and located in the 
Cyamiacea close to the Gaimardiacea by Chavan (1969), but considered by Ockelmann 
(1964) to be a neotenous veneracean. Neoteny may be widespread in the group 
Cyamiacea/Gaimardiacea as a whole, however, since Morton (1979a) has suggested that 
many of the features of Gaimardia indicate neoteny leading to a simplicity of form and thus 
a greater degree of similarity. 

Generally speaking, the Carditidae can be excluded for a number of fundamental 
reasons. The mantle margin of all carditiids is exceedingly simple with no fusion ventrally 
and with the siphons represented by simple orifices. Both demibranchs are present and 
the gill ciliation is of type D (Atkins, 1937) with a ctenidial-labial palp junction of category 
III (Stasek, 1963). Most important is that the stomach of the Carditidae is of type IV which it 
shares with the Gaimardiidae, i.e. Turtonia (Purchon, 1958a). Purchon (1958b) has shown 
most convincingly that different bivalve phylogenies possess stomachs of distinctive 
structure. The other bivalve families, and Fluviolanatus, here discussed have a distinctly 
different structure of Type V forcibly arguing for a separate general line of evolution. 
Yonge (1969) has further shown that the Carditidae is a relatively ancient group with a 
lucinid type heterodont hinge (having its origins in the Ordovician (McAlester, 1965)) and 
generally related to the Astartacea and thus to some of the most primitive 
Eulamellibranchia. Fluviolanatus with stomach type V is thus distinct from the Carditidae. 

Fluviolanatus has finally been compared with representatives of the two major genera 
of the Trapeziidae. Until recently little was known of this group other than a taxonomic 
review by Solem (1954). Trapezium and Coralliophaga have, however, lately been 
investigated by Morton (1979b; 1980a). In these bivalves the shell is heteromyarian, with 
an internal ligament and, significantly, Coralliophaga is almost transparent. Ventral 
mantle fusion is extensive (inner folds only in Trapezium; inner and middle folds in 
Coralliophaga) and the siphons, notably the inhalant, possess complex siphonal tentacles. 
There are also distinct siphonal retractors. In Coralliophaga, the hinge teeth are much 
reduced as compared with Trapezium. The gill ciliation is of type C (1) in the Trapeziidae 
and Fluviolanatus, though in the former but not the latter, the ctenidium is plicate. Both 
have a stomach structure of Type V, the stomach of Fluviolanatus being very similar to that 
of Trapezium sublaevigatum (Morton, 1979b). One further point of similarity concerns 
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the paired statocysts. In Coralliophaga (Morton, 1980a) and Fluviolanatus, the statoliths are 
solid (hollow in Gaimardia) (Morton, 1979a) and although statocyst structure has never 
been studied on a comparative basis it is becoming clear that such structures do differ in 
different groups. The statocysts of Pholadomya are, for example, highly distinctive 
(Morton, 1980b). Thus although the absence of hinge teeth does preclude exact 
confirmation of the taxonomic position of Fluviolanatus many aspects of the anatomy ally 
it with the Trapeziidae. Also, as shown here, it is clearly not related to the other 
recognized families of heteromyarian, heterodonts. Generally, the Trapeziidae, except 
for the rare Isorropodon (Solem, 1954), are shallow water bivalves. Coralliophaga inhabits 
coral galleries, Trapezium is a nestler of sheltered rocky shores under an estuarine 
influence (Morton, 1979b; 19802). Fluviolanatus has a comparable habit and it is easy to 
imagine a primitive ancestor in which the retention of the byssus, the assumption of the 
heteromyarian form (with a concomitant reorientation and overall reduction of the hinge 
teeth) has allowed the family to diversify into a number of niches. 

Other important features of Fluviolanatus concern themselves with the adoption of the 
heteromyarian form. Thus the anterior adductor and anterior byssal retractor are reduced 
relative to their posterior equivalents and there is a corresponding reduction in the 
anterior face of the shell. The hinge plate becomes progressively reduced in sequences of 
heteromyarianisation as demonstrated for the Dreissenacea by Morton (1970b) and for 
the Mytilacea by Stanley (1972). The ligament also lengthens. In Fluviolanatus, the 
ligament is excessively small, and anteriorly, under the umbones, splits — this resulting 
from a weak expression of tangential growth as defined by Owen (1958) and also seen in 
the Carditidae (Yonge, 1969) but achieving full expression usually only in cemented 
bivalves e.g. the Chamidae (Yonge, 1967) and Cleidothaeridae (Morton, 1974). 

Fluviolanatus possesses large ctenidia and small palps, not features of bivalves 
occupying sediment laden waters. Possibly the extensive sorting areas of the stomach 
compensate for the small palps. The alimentary canal is long and adapted for dealing with 
large amounts of small particles. The siphons are short, very sensitive and deeply recessed 
between the fragile shell valves. Clearly the latter feature is a protective device, but thin 
shell valves are typical of commensal (the Leptonacea as a whole) or deep burrowing, 
immobile bivalves (e.g. Laternulidae) (Morton, 1976) but not nestling species with the 
possible exception of Corolliophaga (Morton, 1980a). There is an anomaly here. 

Possibly the most interesting feature of Fluviolanatus is the presence of what appear to 
be “zooxanthellae” in the greatly enlarged inner, but more especially, the outer mantle 
folds of the ventral mantle margin. These cells are located under the shell and 
periostracum and, moreover, in the ventral region of the mantle i.e. that region of the 
animal most closely applied to the substratum because of byssal attachment. 

Typical of hermatypic scleractinian corals and giant clams, “zooxanthellae” 
(Symbiodinium microadriaticum) occur in those tissues most exposed to light. By their 
photosynthetic properties they possibly fulfil a number of functions, the most important 
of which in corals (Barnes, 1973) (and probably giant clams) is enhanced calcium 
deposition (Yonge, 1963). Clearly this is not so in Fluviolanatus with a reduced shell. The 
thin shell may, however, as in Corculum (Kawaguti, 1950; 1968), facilitate light 
penetration. The underlying mantle is deeply pigmented brown. Pigmentation of the 
mantle tissues may serve a dual function acting to reduce excessive light intensity and to 
alter light quality (Taylor, 1973). Spectral quality is an important factor in the 
determination of nutrient quality. Thus as spectral composition is shifted in favour of 
shorter wavelengths, there is an enhancement of protein synthesis relative to 
carbohydrates (Taylor, 1973). Reduced photosynthetic rates, due to reductions in 
available light, can have a profound effect on skeletal form (Barnes, 1973), while enhanced 
light intensities can suppress rates of calcification (Barnes and Taylor, 1973). 

Possibly the thin shell of Fluviolanatus is a morphological compromise in which two 
opposing demands are attempted to be met: first, protection of the contained animal and, 
second, light penetration to enable to “zooxanthellae” to sustain photosynthesis. This is 
possible also the case in Corculum (Kawaguti, 1950; 1968). 
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The algae may constitute a reservoir of reduced organic carbon and essential nutrients 
(in the broadest sense of the word) that are available to the bivalve. Thus Fankboner (1971) 
has shown that in Tridacna the zooxanthellae are culled to be intra-cellularly digested by 
amoebocytes. Many are removed via the digestive diverticula into the stomach to be 
expelled from the anus though the enlarged kidneys also play a role in the removal of 
excess zooxanthellae (Morton, 1978b). The digestive diverticula of Fluviolanatus appear to 
be of the typical eulamellibranch type (Owen, 1955) and not specialised as in Tridacna 
(Morton, 1978b) for the removal of zooxanthellae. Possibly therefore Fluviolanatus is 
dependent upon the nutrients produced by the zooxanthellae rather than upon 
breakdown of the algal cells themselves. In Corculum cardissa (Kawaguti, 1950; 1968) the 
zooxanthellae are housed in the mantle and the ctenidia (the overlying shell is thin as in 
Fluviolanatus) but digested by the ‘liver’ (digestive diverticula). 

One other asset that the “zooxanthellae” may confer concerns gaseous exchange. Thus 
under optimal conditions (and clearly as an Anodonta (Goetsch and Scheuring, 1926), 
Corculum (Kawaguti, 1950; 1968) and Tridacna (Morton, 1978b) where in every case the 
algae are bathed in the haemocoelomic blood, such conditions may be 'optimal') 
symbiotic algae tend to produce an excess of oxygen beyond that consumed during 
respiration. 

Similarly, carbon dioxide produced by the bivalve may be utilized by the algae. 

The reviews of algal-animal associations by McLaughlin and Zahl (1966), Taylor (1973; 
1974) and Trench (1979) adequately demonstrate the benefits accrued by symbiotic algae. 
Typically, bathed in isotonic blood, exposed to light they also have readily available to 
them excreted nitrates and phosphates which provide a reliable supply of these factors 
typically limiting to algal growth. This will also be true of Fluviolanatus and its 
algae and it is significant that the bivalve's kidney is different from that of 
others. It is unusual in two respects. First the proximal limbs, arising from the 
renopericardial apertures lie under the distal limbs, the two limbs uniting posteriorly. In 
most bivalves the proximal limbs are located within (typically fused) distal limbs. In 
Coralliophaga (Morton, 1980a) the distal limbs surround but are not penetrated by the 
proximal limbs and it seems possible that Fluviolanatus is a morphological extension of 
this condition with the proximal limbs becoming so large as to separate from intimate 
contact with the distal limbs. Second, the proximal limbs of the kidney of Fluviolanatus 
comprise two distinct sections. Typically the proximal limb is a simple unciliated tube 
composed of cuboidal cells supplying the functional distal limb with pericardial fluids. 
(Only the renopericardial aperture and a short stretch of tube is ciliated). In Fluviolanatus 
the proximal limbs develop into capacious, deeply folded tubes composed of columnar 
cells bearing microvilli. The distal limb is of the typical bivalve type but the kidney cells 
possess excretory concretions also seen in Tridacna (Morton, 1978b), but also seen in 
other bivalves e.g. members of the Anomalodesmata (Morton, 1974; 1980b). If, and this 
seems likely, the “zooxanthellae” are utilizing the waste products of the bivalves 
metabolism, then the kidney may be functioning under redefined physiological 
parameters. Possibly also the algae release substances, not available to the host as food 
and which require, for excretion, a specialized renal apparatus. 

This study cannot resolve the question of the precise relationship between 
Fluviolanatus and it symbionts. But is it hoped that this paper will stimulate local 
physiologists to investigate this unusual and enigmatic bivalve. 
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ABBREVIATIONS USED IN THE FIGURES 

A, A cell layer of the style sac; AA, Anterior adductor muscle (or scar); ABR, Anterior 
byssal restractor muscle (or scar); AN, Anus; AP, Assimilation product; AU, Auricle; B, B 
cell layer of the style sac (the major typhlosole); BG, Byssal gland; BGR, Byssal groove; BV, 
Blood vessel; BY, Byssus; C, C cell layer of the style sac; CA, Ctenidial axis; CC, Crypt cell; 
CH, Chloroplast; Cl, Cilia; CPC, Cerebropleural-pedal connective; CR, “Chitinous” rod; 
CS, Crystalline style; CSM, Conjoined style sac and mid gut; CVC, Cerebropleural-visceral 
connective; D, D cell layer of the style sac; DC, Digestive cell; DD, Digestive diverticula; 
DH, Dorsal hood; DK, Distal limb of the kidney; EC, Excretory concretion; EL, Forwardly 
projecting elevation on the right side of the stomach; ELFC, Eulatero-frontal cilia; EP 
Epithelial cell; ES, Exhalant siphon; EXC (1), secretory cell type 1; EXC (2), secretory cell 
type 2; F, Foot; FC, Frontal cilia; FIMF: Fused inner mantle folds; FP, Fused periostracum; 
G, “Gutter” of the style sac; GA, Gonadial aperture; GS, Gastric shield; H, Heart; HG, 
Hind gut; ID, Inner demibranch; IG, Intestinal groove; ILL, Inner ligament layer; IMF, 
Inner mantle fold; IP, Inner layer of periostracum; IS, Inhalant siphon; K, Kidney; L, 
Ligament; LAC, Lateral cilia; LC, Left caecum; LEP, Left pouch; LP, Labial palp; M, 
Mantle; MG, Mid gut; MI, Microvilli; MMF, Middle mantle fold; MT, Minor typhlosole; 
N, Nucleus; O, Ovary; OD, Outer demibranch; OE, Oesophagus; OID, Oil droplets; 
OMF, Outer mantle fold; OP, Outer layer of periostracum, P, Periostracum; PA, Posterior 
adductor muscle (or scar); PALID, Line of attachment of the ascending lamella of the inner 
demibranch to the visceral mass; PBR, Posterior byssal retractor muscle (or scar); PE, Pedal 
gape; PEG, Pedal gland; PEM, Pedal musculature; PER, Pericardium, PG, Periostracal 
groove; PI, Pigment granules; PK, Proximal limb of the kidney; PK (C), Ciliated portion of 
the proximal limb of the kidney; PK (NC), Non-ciliated portion of the proximallimb of the 
kidney; PL, Pallial line; PM, Pallial musculature; POL, Posterior outer ligament layer; PS, 
Pallial sinus; R, Rectum; RA, Renal aperture; RC, Right caecum; RPA, Renopericardial 
aperture; RT, Rejectory tract; S, Stomach; SA3, Principal sorting area of the dorsal hood; 
SA6, The sorting area of the left pouch; SA7, The sorting area below the oesophageal 
orifice; SC, Statocyst; SH, Shell; SS, Style sac; ST, Statolith; TF, Transverse fibres; TY, Major 
typhlosole; U, Umbo; V, Ventricle; VA, Vacuole; VC, Vegetative cell; YVC, Young 
vegetative cell; Z, “Zooxanthellae”. 
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Plate 1. A, lovv and B, high povver micrographs of the “zooxanthellae” in the outer 
mantle fold of the ventral mantle margin. 
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B PBR 

Figure 1. Fluviolanatus subtorta. The shell seen from A, the right side; and B, dorsal; C, 
ventral; D, posterior and E, anterior aspects; F, an internal view of the left shell 
valve. (For abbreviations see page 123). 
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Figure 3. Fluviolanatus subtorta. A transverse section through the fused ventral mantle 

margin, posterior to the pedal gape. (For abbreviations see page 123). 
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ANTERIOR 

Figure 2. Fluviolanatus subtorta. Serial sections of the ligament from the posterior to 
the anterior. (For abbreviations see page 123). 
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showing the enlarged outer mantle fold full of “zooxanthellae”. 

(For abbreviations see page 123). 
, 

Fluviolanatus subtorta. A detail of the ventral margin in the region of the 
pedal gape 

Figure 4. 
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Figure 5. Fluviolanatus subtorta. Drawings of a number of “zooxanthellae” from the 
pallial haemocoel. (For abbreviations see page 123). 
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Figure 6. Fluviolanatus subtorta. A transverse section through the pedal gape. (For 
abbreviations see page 123). 
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Figure 7. Fluviolanatus subtorta. Sections through the inner epithelium of the inner 

mantle fold in the region of the pedal gape (A) and (B), posterior to the pedal 
gape. (For abbreviations see page 123). 
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Figure 8. Fluviolanatus subtorta. The siphons as seen from the posterior aspect. 
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Figure 9. Fluviolanatus subtorta. A, The ctenidium as seen from the right side after 
removal of the right mantle lobe and shell valve. B, A transverse section 
through the ctenidium showing the ciliary currents. Black circles = 
acceptance tracts. (For abbreviations see page 123). 
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Figure 11. Fluviolanatus subtorta. The ciliary currents of the left mantle lobe. (For 
abbreviations see page 123). 
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Figure 10. Fluviolanatus subtorta. A transverse section through a single ctenidial 
filament. (For abbreviations see page 123). 
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Fluviolanatus subtorta. The structure and ciliary currents of the visceral mass 
as seen from the right side after removal of the right ctenidium, mantle lobe 
and shell valve. (For abbreviations see page 123). 

Figure 12. 
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Fluviolanatus subtorta. A, A transverse section through the foot in the region 
of the byssal groove. B, A section through a single statocyst. (For abbreviations 
see page 123). 

Figure 13. 
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Figure 14. Fluviolanatus subtorta. The structure of the visceral mass with special 
reference to the organs of the pericardium. (For abbreviations see page 123). 

Figure 15. Fluviolanatus subtorta. The structure and ciliary currents of the stomach after 
opening with a horizontal incision along the right wall. (For abbreviations see 
page 123). 
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Figure 16. Fluviolanatus subtorta. Transverse sections through A, the oesophagus; B, the 
mid gut; C, the hind gut; D, the style sac; E, the rectum and F, a tubule of the 
digestive diverticular. (For abbreviations see page 123). 
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Figure 17. Fluviolanatus subtorta. A transverse section through the body in the region of 
the kidney. (For abbreviations see page 123). 
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EC 

Figure 18. Fluviolanatus subtorta. Sections through A, cells of the distal limb of the 
kidney and B, the non-ciliated region of the proximal limb. C, A transverse 
section through the ciliated proximal limb of the kidney. (For abbreviations 
see page 123). 
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Population density and biomass of the bivalves 
Tellina mariae and Katelysia rhytiphora 

from a seagrass bed in Western Port, Victoria* 

N. Coleman 

Marine Science Laboratories P.O. Box 114 

Queenscliff, Victoria, 3225 

SUMMARY 

Each month from March 1976 to March 1977, samples of the bivalves Tellina 
mariae and Katelysia rhytiphora were taken from an intertidal seagrass bed in 
Western Port, Victoria. T. mariae was the more abundant species and had a 
mean monthly population density of 48 individuals/m? and a mean monthly 
population biomass of 5.53 g dry fresh weight/m? K. rhytiphora had a mean 
monthly population density of 17 individuals/m? and a mean monthly biomass 
of 2.33 g dry flesh weight/m?. The Tellina population was dominated by small 
individuals. In contrast, the Katelysia population was dominated by large 
individuals. Possible reasons for this difference in population structure are 
discussed. 

INTRODUCTION 

Tellina mariae, a surface deposit-feeder, and Katelysia rhytiphora, a suspension-feeder, 
are amongst the most common species of bivalves in Western Port (145°20’E, 38?20'S), a 
bay approximately 70 km south-east of Melbourne (Coleman et al., 1978). Despite their 
being common, rather little is known about the biology of either species although Nielsen 
(1963) carried out some studies on the morphology, reproduction and parasites of 
Katelysia in Port Phillip Bay, which is adjacent to Western Port. 

The present paper describes a study of the abundance and biomass of Tellina mariae and 
Katelysia rhytiphora from a seagrass bed in the north of Western Port. 

MATERIALS AND METHODS 

The general features of Western Port and the distribution of sediment types and aquatic 
vegetation throughout the Bay are described in Coleman et al. (1978). Each month from 
March 1976 to March 1977, samples were collected from an intertidal seagrass bed in the 
north of the bay (adjacent to station 1708, Coleman et al., 1978: Fig. 2). The samples were 

* Publication No. 310 in the Ministry for Conservation, Environmental Studies Series. 
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taken at high tide from a small boat working in conjunction with a larger vessel whose 
radar was used to locate the sample site. At the site a sampling frame with an area of 0.055 
was thrown over the side of the boat. The area within the frame was excavated, by divers, to 
a depth of 30-40 cm and the sediment and seagrass placed in a bucket. Forty samples, the 
maximum number that could conveniently be handled in the time available, were 
randomly taken around the spot where the sampling frame first fell. 

The samples were taken back to the larger vessel and washed through a 2 mm mesh 
sieve. Tellina and Katelysia were removed from the sieve, placed in aerated seawater for 
18-24 hours to allow emptying of the gut, and then frozen. The residue from sieving was 
preserved in 5% neutral formalin. 
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The relationship between shell length and dry tissue weight for Tellina mariae 
(ə, regression line T; sample of April 1976) and Katelysia rhytiphora (a, 
regression line K; sample of December 1976). 
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Figure 1. 
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Figure 2. Monthly values for a, population density (individuals/m2) and b, population 
biomass (g dry weight/m?) for Tellina mariae (€——— —  —ə) and 
Katelysia rhytiphora (o----—---—-—----—-o) from March 1976 to March 1977. 
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Figure 3. Size frequency histograms for Tellina mariae sampled from March 1976 to 
March 1977. 
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In the laboratory the shell length of each individual was measured to the nearest 0.01 
mm with a micrometer. The soft parts of the animals were dried for one week at 90°C and 
dry weight determined. The preserved residue from sieving was sorted for individuals 
missed during earlier sieving. The length of each individual removed from the sieve- 
residue was measured. 

For each month's sample of each species, the relationship between shell length and dry 
weight was determined. The dry weights of individuals removed from the sieve-residue 
were estimated from the calculated length-weight relationships. Population density 
(individuals/m?) and biomass (g dry flesh weight/m?) were calculated. Monthly changes in 
the flesh weights of standard length individuals (10, 15, 20, 25, 30 mm shell lengths) were 
estimated from the length-weight relationships. 
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Figure 4. Monthly changes in the flesh weights of Tellina mariae of 10, 15, 20, 25 and 30 
mm shell length. Weights have been estimated from the length/weight 
relationships calculated for each month’s sample from March 1976 to March 
1977. 
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RESULTS 

Tellina mariae 

The relationship between shell length and dry weight is linear when plotted on 
logarithmic scales (Fig. 1), and there is no inflexion associated with sexual maturity. 
Monthly values for b, the slope of the calculated regression line, ranged from 2.59 to 3.23 
with a mean value of 2.98. Values for b were not compared for statistically significant 
differences. Significant differences in b have been reported in other studies of bivalves. 
However, it is not clear whether such differences are of biological significance, being 
related to differences in the state of gonad development for example (Barybina and 
Sanina, 1975), or result from differences in the size ranges of individuals collected in 
different samples (Hughes, 1970). 

Population density ranged from 19 to 94 individuals/m? (Fig. 2a) with a mean and 
standard deviation of 48 * 23. Biomass (g dry flesh weight/m?) ranged from 2.24 to 7.41 (Fig. 
2b) with a mean and standard deviation of 5.53 * 1.41. Variations in density and biomass 
were cyclical, peaks occurring at approximately three-monthly intervals (Fig. 2). 
Particularly large numbers of small Tellina were found in March and December 1976, and 
in March 1977 (Fig. 3). 

In all months an extensive size range of individuals was present, with smaller individuals 
being predominant for most of the year (Fig. 3). Size frequency histograms give no clear 
indication of progression of modes, and variations in the numbers of individuals in the 
monthly samples are such that mortality rates cannot be calculated. 

The pattern of monthly changes in weight varies according to the size of the individual 
(Fig. 4). For individuals of up to around 15 mm shell length, weight increased gradually 
until November 1976 and thereafter declined. For individuals of around 20 mm shell 
length, weight changes were more marked than for smaller individuals and maximum 
weight was reached in September 1976. For individuals of around 25 mm shell length and 
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Figure 6. Monthly changes in flesh weights of Katelysia rhytiphora of 10, 15, 20, 25 and 
30 mm shell length. Weights have been estimated from the length/weight 
relationships calculated for each month's sample from March 1976 to March 
1977). 

upwards, weight increased until September 1976, showed a massive decline until 
December 1976 and then increased again. 

Katelysia rhytiphora 

In Katelysia, as in Tellina, the relationship between log?? shell length and log’ dry 
weight is linear with no inflection due to sexual maturity (Fig. 2). Monthly b values ranged 
from 1.96 to 3.48 with a mean of 2.6. They were not compared for statistically significant 
differences. 

Population density ranged from 3 to 56 individuals/m? (Fig. 2a) with a mean and standard 
deviation of 17 * 15. Biomass (g dry flesh weight/m?) ranged from 0.35 to 8.45 (Fig. 2b) with a 
mean and standard deviation of 2.33 + 2.26. As for Tellina, there is some indication of cyclic 
variation in abundance and biomass. Except for the sample of December 1976, the biomass 
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of Katelysia was less than that of Tellina. In all months Katelysia was less abundant than 
Tellina. 

In all months a restricted size range of individuals was present, and the population was 
dominated by large individuals (Fig. 5). Variations in the number (Fig. 2) and size 
distributions (Fig. 5) of the individuals in the monthly samples are such that growth and 
mortality rates cannot be calculated. 

No clear inferences can be drawn concerning relationships between shell length and 
monthly changes in weight. In all months individuals of 20 mm shell length or less were 
absent from, or at best poorly represented in, the samples. Thus, while it is possible to 
estimate weight changes for smaller individuals (Fig. 6), little reliance can be put on these 
estimates because they are drawn from length-weight relationships calculated from a 
limited size range of larger individuals. In large individuals, of around 24 mm shell length 
and greater, there are periods of increase and decrease in weight. However, the weight 
changes shown by large Katelysia are not a straightforward or as great as those shown by 
large Tellina. 

DISCUSSION 

Previous faunal survey work (Coleman et al., 1978) has shown that Tellina mariae and 
Katelysia rhytiphora have similar distributions throughout Western Port. The present study 
has provided quantitative data on the population density and biomass of these species 
within a more sharply defined area, that of a seagrass bed on the northern intertidal flats. 
The present study, like the previous survey work, indicates Tellina to be the more 
abundant species, and also indicates that Tellina provides the greater biomass. 

In Victoria, several marine invertebrate species are known to be reproductively active 
between August and December (as well as at other times of the year). The bivalve 
Neotrigonia margaritacea and the crustaceans Callianassa arenosa and C. australiensis in 
Western Port are reproductive during this period (Wellington, 1966; Coleman, 1981), as 
are the bivalves Katelysia rhytiphora, Katelysia scalarina and Mytilus edulis in Port Phillip, a 
bay adjacent to Western Port (Nielsen, 1963; Hickmann, unpublished). From the present 
work, changes in size frequency distributions and in flesh weight suggest that Tellina 
mariae is also reproductive during these months. The abundance of small Tellina in May 
and December 1976 and in March 1977 indicates spawning in the preceding months, and 
spawning probably explains the marked weight loss in large Tellina between September 
and December 1976. Weight loss after September was only slight in individuals of 20 mm 
shell length, suggesting that this is about the size at which the species becomes 
reproductive. 

Katelysia rhytiphora samples did not provide such clear evidence for reproductive 
behaviour. Few small Katelysia were found at any time, and although the greatest number 
of young was found in December 1976, the greatest weight loss occurred between 
December 1976 and March 1977. Even between December 1976 and March 1977, the 
weight loss by Katelysia was not as great as that shown by Tellina during its period of 
maximum weight loss. Nielsen (1963) found that reproductive individuals are present in: 
Katelysia populations for much, if not all, of the year. It may be that in Katelysia 
populations, spawning is not as synchronous as in Tellina, hence changes in mean weight 
are not as marked. 

A knowledge of the mean annual biomasses of Tellina mariae and Katelysia rhytiphora 
allows estimates to be made of the production and longevity of these species. Such 
estimates are possible because of data on the P:B ratios of other bivalves and because of 
the relationships which have been shown to exist between P:B ratios and life span. 

Robertson (1979) reviewed much of the recent literature on the production of marine 
invertebrates. From the values given in Robertson, supplemented by those in Warwick et 
al. (1978), the mean value for the P:B ratio for tellinid bivalves is found to be 1.72 and that 
for venerid bivalves is 0.94. Multiplying the mean monthly biomasses of T. mariae and K. 
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rhytiphora by 1.72 and 0.94 respectively gives production estimates (as g dry flesh 
weight/m2/yr) of 9.51 and 2.44 for these bivalves. 

Robertson (1979) also demonstrated a relationship between the P:B ratio and the 
longevity of marine invertebrates. For bivalves, this relationship is expressed by the 
equation P:B = 0.6207 — .7826 logio L, where L is the life span in years. By substituting into 
the equation a value of 1.72, as the average P:B ratio of tellinid bivalves, the life span of T. 
mariae may be estimated as a little over three years. Similarly, by substituting a value of 0.94, 
the life span of K. rhytiphora may be estimated to be about seven years. 

An inverse relationship between production and the life span of molluscs was also found 
by Zaika (1973). The measure of production used was the mean daily value for specific 
production, C, calculated by dividing the annual production by the mean annual biomass 
and by 365. 

From the data in Zaika (1973) it may be shown that C = 0.0166 — 0.0166 log:o L, where Cis 
the mean daily value for specific production and L is the life span in years. Using the 
estimated production, of 9.51 g dry flesh wt/m?/yr, for T. mariae, C may be calculated as 
0.0047 and life span as a little over five years. From the estimated production, of 2.44 g dry 
flesh wt/m?/yr, for K. rhytiphora. C is found to be 0.0026 and the life span about seven 
years. 

The present estimates of the production and life span of T. mariae and K. rhytiphora are 
only tentative because they are derived largely from information in the literature. There 
are no other data on these species with which the present estimates may be compared, 
although different populations of the same species might be expected to differ in 
production, P:B ratios and longevity, all of which may be affected by environmental 
conditions. Most comparable with the present estimates are those for Tellina deltoidalis 
and Katelysia scalarina (Hodgkin, 1978; Robertson, 1979). Robertson (1979) estimated a life 
span of 4* years, a production of 2.35 g dry flesh wt/m?yr, and a P:B ratio of 1.42 for a 
population of T. deltoidalis in Western Port, and Hodgkin (1978) reports a life span of 3-5 
years for K. scalarina in the Blackwood River estuary, Western Australia. 

A lower P:B ratio for Katelysia than for Tellina has been assumed on the basis of 
information in the literature. A lower P:B ratio would also be expected for Katelysia 
because of the population structure of this species. Populations which are dominated by 
large individuals are likely to have low P:B ratios because large individuals contribute 
more to biomass than to production (Robertson, 1979). 

The lack of small Katelysia rhytiphora could indicate that, prior to and during the study 
period, conditions were unfavourable for reproduction, or that young and adults have 
different habitat preferences. However, the abundance of young Tellina suggests that 
conditions cannot have been generally unfavourable for bivalve reproduction, and young 
and adults of K. rhytiphora have been found together both in Western Port and in Western 
Australia (Roberts, unpublished). Possibly the lack of small individuals is related to the life 
history strategy of Katelysia; it appears to bea consistent feature of this species and has also 
been reported for living populations in Western Australia (Roberts, unpublished) and 
subfossil populations in Western Port (Wilke, 1977). 

Seed and Brown (1975) described a population of the bivalve Modiolus modiolus which 
was dominated by large individuals, in which the proportion of ripe individuals was always 
high and in which there was little evidence of spawned individuals. They interpreted 
these characteristics as showing slow but continual recruitment to the population, and a 
high survival rate amongst individuals once they had grown past a critical size. The 
similarities in population structure and reproductive behaviour suggest that Katelysia 
rhytiphora has a similar life history to that of the Modiolus described by Seed and Brown 
(1975). 

The differences in population structure between Tellina mariae and Katelysia 
rhytiphora, plus the fact that P:B ratios in the literature tend to be higher for tellinid than 
for venerid bivalves, suggest that the two species have different life history strategies. 
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Tellina produces abundant young which have a high mortality rate, while Katelysia is a 
species in which the relatively few young that are produced have a high survival rate. There 
is also some morphological evidence to support this interpretation of the life histories of 
the two species. The shell of K. rhytiphora is thicker than that of T. mariae and has obvious 
concentric ridges, features which may be interpreted as conferring protection against 
predators. In contrast, T. mariae has no obvious morphological features which would give 
protection against predators, and Vermeij (1978) remarks of the Tellinidae that they may 
best be regarded as “ ... .vveeds, which survive the depredations of their enemies by high 
reproductive rates." 
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ABSTRACT 

The common estuarine molluscs Hydrococcus brazieri and Arthritica semen 
are shown to be active in a wide range of temperatures and salinities. H. 

brazieri is active in salinities of 15 to 35960 in winter and 25960 to at least 55760 in 

summer. A. semen is active at 15950 to 40960 in winter and 25960 to at least 55760 

in summer. H. brazieri was active in temperatures of 8to 32°C and A. semen at 

18 to 32°C. Both species showed reduced temperature tolerance when 

salinities varied from ambient. These results are considered in the context of 

the variations encountered by the species in the Peel-Harvey estuarine system. 

INTRODUCTION 

Estuaries have been defined as “semi-enclosed coastal bodies of water which have a free 

connection with the open sea and within which seawater is measurably diluted with 

freshwater from land drainage" (Pritchard, 1967). The animals which inhabit this zone 

intermediate between the sea and freshwater are predominantly marine forms which are 

able to adapt to the rigours of the estuarine environment. A few freshwater species inhabit 

upper estuarine areas. In addition estuarine faunas contain a limited number of species 

adapted specifically to life in estuaries; they are not found either in the sea or in freshwater 

(Day, 1967). Although few species can be classified as truly estuarine they may be the 

numerically dominant organisms in estuaries. We have previously reported that the 

gastropod Hydrococcus brazieri and the bivalve Arthritica semen, are the dominant 

molluscs of the Peel-Harvey estuarine system (Wells and Threlfall, 1981). 

Knowledge of the mechanisms by which these species are adapted is important to an 
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understanding of their overall survival strategies. Emery, Stevenson and Hedgpeth (1957) 
considered temperature and salinity to be the most important physical factors controllin 
the distribution of estuarine species. The importance of salinity has been emphasized by its 
use as a device to categorize estuarine species (Day, 1951; 1967; Chalmer, Hodgkin ang 
Kendrick, 1976; Roberts and Wells, 1980). In most estuaries salinity varies on a diurnal op 
semidiurnal basis with the rise and fall of tides but southwestern Australian estuaries are 
characterized by extensive runoff and depressed salinities in the winter months and little 
or no freshwater inflow during summer, when salinities may become hypersaline. There jg 
little tidal fluctuation. Hodgkin (1978) emphasized the seasonality of salinity variations, 
animals are subjected to seasonal fluctuations rather than diurnal ones. The long term 
variations are of the same timescale as the lifespans of small invertebrates and mean that 
the animals cannot simply “close-up” for brief periods during unfavourable conditions, 

This paper examines the reactions of H. brazieri and A. semen to variations in salinity and 
temperature in the context of the environment in which they live. 

MATERIALS AND METHODS 

The Peel-Harvey estuarine system is located 80 km south of Perth, Western Australia, at 
32°36'S and 115°42'E. It has an area of approximately 130 km. Maximum depths are 2 m, but 
extensive shallow sills around the perimeter of the system are 0.5 m or less in depth, 
Freshwater enters the estuary from June to September when salinities at the collecting site 
at Coodanup in Peel Inlet can reach 3%o. Lack of summer runoff and high evaporation 
develop hypersaline conditions of up to 549560 which persist for several months; 
temperature varies from 10 to 27°C. A more detailed account of the system is given by 
Wells and Threlfall (1981). 

Fresh animals were collected at Coodanup for each set of experiments. Surface 
sediments were sieved through a 1 mm mesh in the field. The resulting material was 
maintained at ambient conditions and sorted in the laboratory. Individuals of 2 mm or 
greater were used for experiments. 

In the salinity tolerance tests fresh, filtered seawater was diluted with distilled water to 
produce water with salinities varying from 5950 to 30950 in steps of 5960 or was 
concentrated by boiling to produce salinities of 35960 to 50960. Hypersaline water was 
poured from one container to another several times to insure that oxygen was available. 
For H. brazieri 30 individuals were placed in new 350 ml glass jars with plastic lids which 
were completely filled with water of the desired salinity. Four replicates were used for 
each step of 5760; jars filled with estuarine water at the ambient salinity served as controls. 
The tests were conducted in July 1978 and February 1979 when the salinity in the estuary at 
Coodanup was 21960 and 54960 respectively. The jars were maintained at room 
temperature (approximately 25°C). The numbers of animals active after 24 and 48 hours 
were counted. 

Water was prepared in the same manner for A. semen. Twenty specimens were placed in 
a 90 mm diameter, new petri dishes filled with water 3 mm of washed sand of grain sizes 
ranging between 250 and 5004 m. Again four replicates were conducted at each of ten 
salinities ranging from 5960 to 50%o. The animals were placed loosely on their side on the 
sand surface. The number that had moved or burrowed into the sand after 24 hours was 
recorded. The animals were removed from the sand, placed again on the surface, and 
counted again after an additional 24 hours. 

Basically the same procedures were used for the temperature tolerance tests, which 
were conducted in July 1978 when the estuarine salinity was 10960 and the temperature 
12°C. Animals were maintained at ambient salinity. The containers were placed in water 
baths at constant temperatures with 5°C intervals between 4 and 44°C. 

The tests to search for an interaction between the effects of temperature and salinity 
were conducted in the same manner as the previous tests with the following differences. 
Because of the difficulty in obtaining sufficient numbers of animals only three replicates 
were used at each temperature level and only 20 animals were used in a jar. The tests were 
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conducted with temperatures varying from 4? and 44°C in steps of 5°C. Three sets of 
salinities were used: 10, 27 and 45960. The ambient salinity in the estuary when this 
experiment was conducted was 10%o and the ambient temperature was 12°C. 

RESULTS 

Hydrococcus brazieri had a wide salinity tolerance in both tests (Figure 1). In the July 
test, when the estuarine salinity was 21960, the snails were most active at salinities of 15 to 
35960. In February, when the ambient salinity was 54960, activity was high from 25960 
through all the higher salinities tested. The tests did not reach the upper tolerance of H. 
brazieri in February. The curve for February is shifted 10960 to the right compared to the 
July graph, suggesting a partial adjustment of the higher ambient salinities. 

Activity of A. semen examined in July (ambient 21960) was highest at salinities of 15 to 
40960 after 48 hours (Figure 2). In February (ambient 54760) activity was high from 25760 
through the remaining salinities tested. The curve for February is shifted 5%o to the right 
with respect to the July curve. In both tests higher activity rates were recorded after 48 
hours than were found at 24 hours. 

H. brazieri 
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1. Salinity and temperature tolerance tests for Hydrococcus brazieri. A. Salinity 

tolerance (July 1978). B. Salinity tolerance (February 1979). C. Temperature tolerance. 
D. Temperature tolerance tests made at 3 salinities. The mean and one standard 
deviation are shown for each test. 
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2. Salinity and temperature tolerance tests for Arthritica semen. A. Salinity tolerance 
(July 1978). B. Salinity tolerance (February 1979). C. Temperature tolerance. D. 
Temperature tolerance tests made at 3 salinities. The mean and one standard deviation 
are shown for each test. 

Both species also had wide temperature tolerances. H. brazieri was most active at 
temperatures of 8 through 32°C; no animals were active above 32°C (Figure 1). A. semen 
was active at 18°C to 32°C, a smaller activity range than that demonstrated by H. brazieri 
(Figure 2). 

In the experiment combining temperature and salinity variations H. brazieri tested at 
27760 had the highest tolerances, between 8 and 32°C (Figure 1). At 10%o the tolerances 
were reduced, with the greatest activity occurring between 8 and 26°C. Animals tested at 
45760 were most active at 20 and 26°C, but even at these temperatures activities were low 
compared to the results obtained at 10 and 27960. In the tests of A. semen at 3 salinities (10, 
27 and 45760) and a range of temperatures the results for 10 and 27%o were similar (Figure 
2) with the greatest activities being recorded at 18 to 32°C. No animals were active at 45950. 

DISCUSSION 
Both H. brazieri and A. semen have been shown to have wide salinity tolerances. H. 

brazieri was active from 15 to 35960 in tests conducted when the ambient salinity was 21960 
and activity was greatest from 25 to 55%o (the highest tested) when the ambient salinity was 
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54960. A. semen had the same pattern of activity. Both species were inactive in the lowest 
salinities tested, 5760, and had only moderate activities at 10960. Salinities this low are 
reached briefly during the winter at Coodanup, and the animals could survive by closing 
their shells and waiting out the period of low salinity. This mechanism has been 
demonstrated for the bivalve Xenostrobus securis (Wilson, 1968; 1969) and two species of 
the gastropod genus Nassarius (Smith, 1975). The hypersaline conditions at Coodanup can 
persist for several months during the summer. Both species were active in the highest 
salinity recorded at Coodanup (54760). Salinity tolerance curves of both H. brazieri and A. 
semen are shifted to the right in the February tests (summer) compared to the July tests 
(winter), suggesting that the animals become acclimatized to the increasing salinities in the 
estuary during summer. 

H. brazieri was active in temperatures of 4to 32°C and A. semen from 18 to 32°C. At 12°C 
about 40% of A. semen were active. Thus the two species were most active in temperatures 
similar to those recorded at Coodanup, 10 to 27?C. The temperature range in the shallow 
water at Coodanup might be greater than that measured because colder temperatures 
could be reached early on cold winter mornings and warmer temperatures could be 
attained on hot, still summer afternoons. However, the animals would be able to survive 
these brief periods of extreme conditions by closing up. 

The temperature and salinity tests could be criticized for their short duration. However, 
they were undertaken using the same techniques as those used for Hydrobia totteni 
(Wells, 1978), a species taxonomically related to H. brazieri. The tests of H. totteni were run 
for a period of 15 days with activities checked every 3 days. There was no difference in the 
activities recorded after 3 days and the later periods of up to 15 days. At the end of the 
experiments the H. totteni were returned to ambient conditions. Animals that had been 
inactive at low temperatures became active, but those that had been inactive at high 
temperatures had died during the experiment. 

Interactions between the effects of temperature and salinity have been shown in the 
gastropod Theodoxus fluviatilis by Kangas and Skoog (1978), which had a wider tolerance 
to salinity variations at 5°C than at 15°C. A similar examination was made for H. brazieri 
and A. semen. The test using 3 salinities and a variety of temperatures showed that each 
species had the same activity patterns in 10 and 27960. At 45960 the activity of H. brazieri 
had declined considerably and there were no A. semen active at all, suggesting that the 
combination of high temperature and salinity encountered at Coodanup during the 
summer could be lethal. The summer conditions of high temperature and salinity persist 
for several months, a very long time for animals with short lifespans. H. brazieri reaches 
maturity about 8 months after being placed in an egg capsule by the female, and the total 
developmental time for A. semen is about 9 months (Wells, Threlfall and Wilson ,1980). 
Substantial losses to the populations during the summer have been shown for both 
species. A. semen for example declined from 45,491 m-? in November 1977 to 4,893 m-? in 
January 1978. No such massive declines occurred during winter. 

The summer mortality agrees with the ranges of the species involved. Both are 
temperate forms which are common on the south coast. A. semen extends up the west 
coast of W.A. only as far as the Swan River about 80 km north of Peel Inlet. Except for Shark 
Bay, 1700km north of the Peel-Harvey estuarine system, H. brazieri has been reported only 
sporadically north of Peel Inlet. The Shark Bay population is apparently a dense one. In 
view of the fact that summer conditions appear to limit the species in Peel Inlet it would be 
interesting to investigate the physical parameters encountered by H. brazieri in Shark Bay. 
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ABSTRACT 

Females of Hydrococcus brazieri deposit egg capsules on any suitable hard substrate 
within which a single embryo develops. Young of Arthritica semen develop in a brood 
pouch in the female. In both species the young emerge at a crawling juvenile stage. 
Adaptations of H. brazieri and A. semen for estuarine life include: continuous 
reproduction, lack of a planktonic stage, rapid growth rates and short maturation times. In 
these characteristics H. brazieri and A. semen are relatively r selected in comparison with 
the other group of dominant estuarine molluscs, the mussels. 

INTRODUCTION 

Estuaries have been defined by Pritchard (1967) as “semi-enclosed coastal bodies of 
water which have a free connection with the open sea and within which seawater is 
measurably diluted with freshwater from land drainage”. The animals that inhabit this 
intermediate zone between the sea and freshwater are predominantly euryhaline marine 
forms which are able to adapt to the rigours of the estuarine environment. A few freshwater 
species inhabit upper estuarine areas if they can tolerate the increased salt concentration. 
In addition there are a few true estuarine species which are not found in other habitats 
(Day, 1967). The strongly seasonal nature of southwest estuaries increases the stresses 
normally encountered by estuarine species. 

The biology of estuarine molluscs in the southwest was first examined by Wilson in a 
series of papers on the reproduction, growth and physical tolerances of mytilid bivalves 
(Wilson, 1968; 1969; Wilson and Hodgkin, 1967). Smith (1975) recently investigated two 
species of the snail genus Nassarius and Appleton (1980) is currently investigating the life 
cycle of Velacumantus australis in the Swan River. 

All of the species studied to date reach an adult size of at least 10 mm. Only a single 
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account of the biology of smaller species has been completed, an unpublished BSc. thesis 
by Ashman (1969) on the bivalve Arthritica semen; this thesis had only a very preliminary 
examination of reproductive mechanisms. Small molluscs are known to reach very high 
densities in other parts of the world and to contribute substantially to secondary 
production (Green, 1968). This study was designed to examine the biology of 2abundant 
species of small molluscs to determine their strategies for survival in the estuarine 
environment, based on work in the Peel-Harvey estuarine system. 

The Peel-Harvey estuarine system is a small body of water with an area of approximately 
130 km? on the west coast of Western Australia (32936'S; 115°42’E). Peel Inlet and Harvey 
Estuary are the dominant features of the system. Both have extensive flats along their 
margins with depths of less than 0.5 m; maximum depths are about 2 m. The area is 
characterized by temperatures of up to 27?C and hypersaline conditions in summer. In 
winter temperatures reach as low as 10°C at Coodanup on Peel Inlet. Freshwater inflows 
from the Murray and Serpentine Rivers can depress salinities at Coodanup to as low as 5760 
for brief periods (Wells, Threlfall and Wilson, 1980). 

A three year examination of the molluscs of the Peel-Harvey estuarine system has 
recently been completed (Wells, Threlfall and Wilson, 1980). A preliminary examination 
recorded 34 mollusc species in the system, 9 of which were regarded as being truly 
estuarine, ie. they occur in estuaries but not in adjacent marine or freshwater areas. A 
sample site was investigated at Coodanup for two years. During this time the gastropod 
Hydrococcus brazieri (Tenison Woods, 1876) and the bivalve Arthritica semen (Menke, 
1843) were the dominant molluscs, together accounting for 89.5% of all individuals 
collected. The mean density of H. brazieri was 9487m-? and A. semen averaged 8105m-2. 
Both species are also abundant in a number of other southwestern Australian estuaries 
(Wells and Threlfall, 1981). Detailed studies were made of the two species to determine the 
mechanisms which allow them to be successful in the estuarine environment. Reactions to 
changes in the physical factors of temperature and salinity are reported elsewhere (Wells 
and Threlfall, 1982). The present paper examines the reproductive biology of H. brazieri 
and A. semen. 

MATERIALS AND METHODS 

Samples were collected monthly from March 1977 to February 1979 at Coodanup beach 
in Peel Inlet. The station was located 100 m offshore; water depth varied from 30 to 90 cm 
during the two years but the station was never exposed on our sample dates. It could 
conceivably have been exposed during the time between monthly samples. A corer with 
an area of 98.5 cm? was used to remove sediment to a depth of 2 cm. Samples were sieved 
through a 1 mm mesh in the field. The material obtained was searched with a dissecting 
microscope in the laboratory for live molluscs and capsules of H. brazieri. Ten replicate 
samples were collected each month and were treated individually. All live molluscs were 
identified and counted. Three hundred individuals of H. brazieri, 200 of A. semen and as 
many individuals as possible of the other species were measured to the nearest 0.1 mm 
each month using a dissecting microscope equipped with an ocular micrometer. All H. 
brazieri egg capsules on the live molluscs were counted. In addition a sample of 235 H. 
brazieri was obtained on 9 October 1978 using the same coring and sieving technique. All 
individuals were sexed using the presence of penis as the distinguishing characteristic for 
males and its absence for females. To determine size at sexual maturity individuals of 1.5 
mm or larger of both sexes were measured, the shell decalcified in Bouin's fixative, and the 
animals treated with standard histological techniques. They were embedded in paraffin, 
sectioned at 7 um and stained with hematoxylin and eosin. 

RESULTS 

A. H. brazieri 

Sexes are separate in H. brazieri, and there was no suggestion of hermaphroditism in the 
sectioned material. Of the 235 individuals sexed 108 were males and 127 were females 
(Figure 1). Deviation from the expected 50 : 50 ratio was not significant (t-test, 0.05 level). 
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1. Size frequency characteristics of Hydrococcus brazieri males and females collected at 
Coodanup on 9 October 1978. 

2. Egg capsules of Hydrococcus brazieri on a shell of Arthritica semen. 
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3. A crawling juvenile of Hydrococcus brazieri. ES, eye; FT, foot; HD, head; OP, 
operculum; RD, radula; SH, shell; TN, tentacle. 
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4. Densities of egg capsules of Hydrococcus brazieri at Coodanup from March 1977 to 
February 1979. 
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5. Percentage of adult Hydrococcus brazieri at Coodanup from March 1977 to February 
1979. 

Mean size of females was significantly larger (2.22 +0.13 mm) than males (1.95 + 0.13 mm) (t- 
test, 0.05 level). There is a considerable overlap in sizes of individuals of the two sexes 
(Figure 1) and sex cannot be determined on the basis of size alone. The largest individual 
collected in the monthly samples was a female 3.8 mm long. Mature spermatocytes were 
found in sectioned males 2.0 mm or more long and mature oocytes were found in females 
of the same size. 

Females of H. brazieri attach egg capsules to any suitable hard substrate, most often 
shells of other H. brazieri or other live molluscs, but also dead shells and rocks. The 
transparent capsules are composed of sand cemented together with mucus (Figure 2). The 
capsules are lens shaped with a diameter of 0.5 mm. A single embryo develops in each 
capsule; there are no nurse eggs. In rare cases two embryos were seen developing in the 
same capsule. The largest oocytes found in sectioned females were 90 u m in diameter and 
the smallest embryo found in a capsule was a 4 cell stage 230 u m in diameter. The 
differences in sizes are probably due to swelling of the egg during deposition as is 
frequently found in gastropods (Fretter and Graham, 1962). 

Embryos emerge from the capsules as crawling juveniles (Figure 3). No veliger stage was 
found in developing embryos and there is no planktonic distributional phase in the life 
cycle. Emerging juveniles have a transparent shell 0.3 mm in diameter and are fully formed 
with a head, tentacles and operculum visible through theshell. There is no metamorphosis 
after the young leave the capsule. 

Females deposit more than one capsule but the total numbers deposited by individuals 
are not known. Eighteen females were dissected and the eggs in the gonads counted. The 
number of eggs ranged from 0 to 34 and with a mean of 18. All oocytes in a female are in 
approximately the same stage of development. Details of the anatomy of the reproductive 
system are given by Ponder (in press). 
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Female H. brazieri were placed in filtered estuarine water in 350 ml glass jars with a layer 
of sand on the bottom and were maintained at 25?C. Several individuals deposited egg 
capsules. The embryos began development and reached the shelled stage in 4 to 5 days. 
They continued to move about in the capsule but never hatched. After 42 days all of the 
juveniles had died without emerging. Capsules collected in the field successfully hatched 
in the laboratory in about 12 days, though some required as long as 17 days. Because the 
length of time these young had been developing before collection is unknown the figure 
of 12 to 17 days is only an estimate of the time required for intracapsular development. 

Reproduction in H. brazieri was almost continuous throughout the two years studied 
(Figure 4). Capsule density was generally less in the second year than in the first, but there 
is no obvious seasonal pattern of reproduction. Comparison of Figures 4 and 5 
demonstrates an inverse relationship between capsule density and density of H. brazieri 
larger than 2.0 mm in shell length. During periods of high reproductive activity there are 
large numbers of juveniles in the population and the percentage of large individuals is 
reduced. 

B. A. semen 

Arthritica semen is a protandric hermaphrodite, maturing first as males at a shell length 
of about 2.0 mm and after a brief male stage continuing development into a functional 
female stage. Larvae are retained by females and undergo development in a brood pouch 
located between the gills (Figure 6). Three embryonicstages were distinguished. In stage 1 
the embryos are stuck together in a mass of developing eggs 0.33 to 0.37 mm in diameter. In 
stage 2 the embryos have separated, so each is distinct, and their diameter is 0.20 to 0.33 

mm. Stage 3 embryos are juveniles with shells 0.20 to 0.50 mm in length. Some shell growth 
occurs while the juveniles are still in the female. Young are released as juveniles; we could 
find no trace of a velum in any individuals. During the embryonic stage a cephalic mass 
similar to that found in Lasaea rubra (Oldfield, 1964) occurs (Figure 7). The cephalic mass is 
composed of yolk which is utilized by the developing embryo while stillin the female. The 
shell is transparent when the juvenile is released but later becomes opaque and develops 
the adult colouration. 

(9. 5c m , 

6. A female Arthritica semen with part of the mantle removed to show the shelled larvae. 
FT, foot; MN, mantle; SH, shell, SJ, shelled juvenile. 
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7. Alarval Arthritica semen removed from an adult female. CM, cephalic mass; FT, foot; 
SH, shell, VM, visceral mass. 
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8. Percentages of Arthritica semen larger than 2.0 mm in shell length containing larvae 
from March 1977 to February 1979. 
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9. Mean number and one standard deviation of larvae in brooding females of Arthritica 
semen from March 1977 to February 1979. 
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10. Percentages of the three developmental stages of larvae in adult females of Arthritica 
semen at Coodanup from March 1977 to February 1979. 

Each female of A. semen had embryos of only one stage of development; no females 
were found with two or more stages. All larvae develop at the same rate and are released at 
approximately the same time. There were no large females with a few shelled juveniles 
remaining and young embryos undergoing early development. 

The percentage of females brooding was variable, but reproduction was continuous 
throughout the two years examined (Figure 8). The percentage of females brooding was at 
high levels in all months except March and April 1978, when only 4 and 5% had developing 
young. Not only does the percentage of females brooding larvae vary, but the number 
brooded per female varies also (Figure 9). The mean number of embryos per female varied 
from a low of 30.8 in December 1977 to 63.3 in September 1977. Gaps in the graph in 
January, February and March 1978 are due to the low percentages of females in the 
population that were brooding. There was no apparent seasonal trend in the mean 
number of embryos per female. 

Figure 10 breaks the percentage of A. semen brooding into the 3 developmental stages. 
In all months stage 1 embryos were the majority. Stage 2embryos were found in all months 
except February and March 1978. Stage 3 larvae were collected throughout the two year 
period. This verifies that reproduction is continuous in A. semen. There is no discrete 
period when stage 1 embryos begin development leading to a later period when release 
occurs. Instead embryos of all stages can be found at all seasons of the year. 

DISCUSSION 

The reproductive mechanisms of H. brazieri and A. semen are well suited to the 
estuarine environment in which they live. Both species employ strategies in which 
relatively few young are produced in comparison to species which broadcast their 
reproductive products directly into the water column (Webber, 1977). Both H. brazieri and 
A. semen have only moderate fecundities but they have developed several mechanisms 
for ensuring a high survivorship among the young produced. 

Developing young are generally less tolerant of changesin the environment than adults 
are; temperature and salinity are particularly important. Young H. brazieri are 
encapsulated with the capsule wall providing a buffer between them and the external 
environment. This mechanism is similar to that reported in 4 species of Hydrobia (Fretter 
and Graham, 1962; Muus, 1967; Wells, 1978; Lassen, 1979), all of which are also estuarine 
species. Young are also protected in A. semen but the mechanism is quite different. In this 
species they are brooded in the female, as is common among other species of Leptonacea 
(Oldfield, 1964; Ponder, 1965). The developing young are protected from the external 
environment by the shell and tissues of the female. 
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A ready supply of food of the necessary quantity and quality is another critical problem 
for the developing young, and again H. brazieri and A. semen have developed 
mechanisms for solving the problem. A sufficient quantity of yolk and albumen is provided 
in the capsule of H. brazieri for the embryo to develop into the crawling stage. The strategy 
for ensuring the necessary food supply used by A. semen is the same as that employed by 
the related species Lasaea rubra (Oldfield, 1964). A cephalic mass in the developing 
embryo contains yolk. As the embryo grows and develops the yolk is consumed and the 
cephalic mass decreases in size. 

Arthritica semen is hermaphroditic; sexes are separate in H. brazieri. Hermaphroditism 
is regarded as an evolutionary strategy developed in situations where the chances of 
meeting a mate are low (Beeman, 1977), and the phenomenon is found throughout the 
Leptonacea. A. semen sperm are presumably expelled into the surrounding water and are 
caught up in the incoming water of adjacent individuals. The question of self-fertilization 
was not investigated in A. semen, but most hermaphroditic molluscs have mechanisms to 
ensure that it does not occur. In protandric species such as A. semen sperm are usually 
developed and released while the oocytes are still in the early developmental stages. 

In both H. brazieri and A. semen young emerge at a benthic crawling stage minimizing 
the risk of their being swept from the estuary by the general seaward drift of the water. It 
also ensures that the emerging young are in an area where conditions are favourable for 
further growth and development. One problem with this strategy is that itis more difficult 
to colonize new areas than would be the case if there was a planktonic distributional 
phase. H. brazieri actively crawls onto algae, which is readily moved about in the estuary by 
water currents. While A. semen is a less active crawler than H. brazieri, it does move about 
a bit and could also become entrapped in algae. Distribution between estuaries could 
occur in the same manner but is less likely. Transfer of small molluscs from one area to 
another on the feet of wading birds is well known and could occur in both species. 

Several adaptations are shown by H. brazieri and A. semen which allow them to be 
successful in southwestern Australian estuaries. Both have wide temperature and salinity 
tolerances. H. brazieri is active in temperatures of 8 to 32°C and A. semen from 18 to 32°; 
about half of the A. semen tested were active at 8°C. H. brazieri is active in salinities of 15 to 
359760 in winter and 25 to at least 55960 in summer. The salinity tolerances of A. semen are 
similar (Wells and Threlfall, 1982). This paper has shown several reproductive adaptations 
shared by the two species. Continuous reproduction ensures that there is always a ready 
supply of developing young in the estuary to exploit favourable conditions. The embryos 
are protected during early development and survivorship is higher than would be the case 
if there were no protection. The lack of a planktonic larval stage ensures that the young are 
not swept from the estuary by currents. Both species have rapid growth rates. H. brazieri 
grows at about 0.5 mm/month, at least in the early stages, and A. semen has a growth rate 
of 0.3 mm/month. H. brazieri reaches the minimum reproductive size in about 4 months 
and the maximum size in 7-8 months. A semen can reproduce in 6 months and reaches its 
largest size in 9 months. These are minimum figures; both species can survive for longer 
periods (Wells, Threlfall and Wilson, 1980). Thus even if large portions of the populations 
are decimated by unfavourable conditions the remaining individuals provide a core of 
mature adults and juveniles which will soon be mature which can re-establish the 
population. 

Mytilid bivalves are the other major group of truly estuarine species in southwestern 
Australia. Fluviolanatus amara, also common, is a member of the Tapeziidae (Morton, 
1982). While this species is not closely related to the Mytilidae it is ecologically similar. The 
reproductive strategy of Xenostrobus securis and other mytilids was examined by Wilson 
(1968; 1969) and Wilson and Hodgkin (1967). F. amara was investigated by Wells, Threlfall 
and Wilson (1980). The reproductive strategies of these species are completely different 
from those of H. brazieri and A. semen. In these mussels there is no provision for 
protecting young; the eggs and sperm are simply broadcast into the adjacent water 
column where fertilization occurs. Larvae undergo a planktonic distributional phase of 
unknown duration before settling and metamorphosing into the adult form. During the 
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planktonic stage larvae are distributed within and between estuaries, making it easier for 
the young to colonize logs than would be the case if there was no planktonic stage. 
However, they can also be swept out to sea or into a part of an estuary that is unsuitable for 
further development. In addition there are heavy losses from predation in the plankton 
and the food supply is uncertain. Few larvae from an individual female survive to the 
settlement stage. The low survivorship is overcome by production of large numbers of 
gametes by each adult individual. This is possible because there is no mechanism 
employed to provide nutrition or protection for the developing larvae. 

Among the common species of molluscs which are restricted to estuaries there are then 
two basic strategies for survival: an r-type strategy exhibited by H. brazieri and A. semen. 
This strategy is characterized by rapid development, great population turnover, early 
reproduction, a high intrinsic rate of increase, small body size, short lifespan, density 
independent mortality, wide dispersal gradient, and poor completitive ability. The K 
selected species have opposite characteristics (Loya, 1976). This group is represented by 
the mussels. All of the common molluscs in Peel Inlet which were classified by Wells and 
Threlfall (1980) as “estuarine” fit into one of these two groups. The uncommon 
"estuarine" species (Tatea preissi, Potamopyrgus sp., Batillariella estuarina, and Salinator 
fragilis) have not been examined but may be more towards the centre of the r-k 
continuum. 
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SUMMARY 

The anatomy and distribution of the two species of viviparids occurring in 
Western Australia are consistent with the theory of a recent origin of 
Australian viviparids from S.E.Asia. Both species belong to the bellamyiniine 
genus Notopala Cotton. The evolution of these species reflects adaptation to 
permanent-water habitats in N. essingtonensis Frauenfeld and to seasonally 
dry habitats in N. waterhousii A. Adams and Angus. 

INTRODUCTION 

The S.E.Asian region is especially rich in viviparid species and genera (van Benthem 
Jutting, 1956; Brandt, 1974) and McMichael (1967) has postulated that the Australian 
viviparids originated from that area via the Indo-Malayan Archipelago. This theory is 
supported by the distribution of the family in Australia where it is wide-spread throughout 
the north of the continent but extends south only in the eastern states and there only as far 
south as the Murray River. In Western Australia such a southerly movement may have 
been impeded by the dry regions of the Pilbara, as viviparids are not recorded south of the 
Kimberley Region. 

Where viviparids do occur their large size (relative to other freshwater gastropods) 
makes them a conspicuous part of the fauna and this has led to their inclusion in the 
collections of a number of early malacologists, most of whom produced new species 
names for their material (see later synonymies). Van Benthem Jutting (1956) and Brandt 
(1974) provide useful guides to the Indo-Malayan and S.E. Asian species but apart from 
Cotton (1935) almost no work has been published on the taxonomy or biology of the 
Australian species, Prashad (1928) does not deal with taxa below generic level and Iredale 
(1943) while providing syntheses of existing species presents little new information. 
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Pop Locality Sample Size Species 
1 The Grotto, Wyndham; 5 E 

Dec., 1977 
VVAM521-81 
May, 1978 5 E 
VVAM522-81 

2 Bandicoot Bar, Ord River, 3 E 
Kununurra, VVAM1-80 

3 Lake Argyle, Kununurra, 4 E 
VVAM488-79 

4 Dunham River Gorge, Dunham 3 E 
River, VVAM523-81 

5 Cave Springs Rd, Kununurra, 5 W 
WAM526-81 

6 Beta Creek, Wyndham-Kununurra 3 W 
Rd; WAM524-81 

7 Dick Creek, Victoria Hwy 1 VV 
Crossing; VVAM527-81 

8 Liveringa Pool, Fitzroy 3 W 
River; WAM489-79 

9 Twelve Mile Lagoon, Parry 2 W 
Lagoons; WAM525-81 

TABLE 1. Localities of the sample populations and their catalogue references at the West- 
ern Australian Museum. The species to which they were assigned are denoted 'E' for N. 
essingtonensis and “VV” for N. waterhousii. All sites were in the Kimberley Region of 
Western Australia. 

In S.E.Asia certain species of viviparids act as intermediate hosts for echinostomes, 
intestinal flukes, and consumption of infected snails transmits the parasite to humans 
(Brandt, 1974). Although viviparids are not commonly consumed in Australia 
archeological evidence (Kendrick, 1973) suggests that they once formed part of the diet of 
Kimberley aboriginals. Johnson and Beckwith (1945, 1947) document the shedding of two 
species of trematode from Notopala hanleyi in South Australia, although neither species 
appears to be of medical or veterinary significance. 

The confused state of viviparid taxonomy in Australia makes comparison of the 
Australian forms with other viviparids suspect. This work attempts to clarify the specific 
status of Western Australian viviparids while briefly discussing their generic and sub- 
familial affinities. 

Methods and Materials 

Total shell length and aperture length were measured for thirty-four specimens from: 
nine localities (Table 1). Aperture length was measured as the distance from the insertion 
of the aperture to a point at 180? on the lip ofthe aperture. Only shells without substantial 
apex erosion were measured. 

Snails were preserved for dissection in 10% buffered formalin for 24 hours and then 
transferred to 70% alcohol. Dissections were made for snails at localities 1 — 7, locality 1 
being sampled in December, 1977 and May, 1978. 

SYSTEMATICS 

Family Viviparidae 

Viviparid snails have medium sized, conical-turbinate, shells with a few rapidly 
increasing whorls. The periderm is brown to greenish-brown or yellow, often with darker 
spiral bands. The operculum is corneous and concentrically ringed. 
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The family is dioecious in the main with instances of parthenogenesis in species of the 
genus Campeloma (Mattox, 1937). Fertilization is internal, the developing embryos being 
retained in a modified pallial oviduct. Males are recognised by their swollen righttentacle, 
this being modified to act as a penis. Some sexual dimorphism of the shell is also reported. 
A more detailed account of viviparid reproductive anatomy may be found in Vail (1977). 

The family is widespread, representatives occurring in the Paleartic, Neartic, Oriental, 
Ethiopian and Australian Regions (Prashad, 1982). Two genera, Notopala and Centrapala 
both Cotton, 1935, are recognised in Australia with a further genus, Larina A. Adams, 1855, 
doubtful (McMichael, 1967). Of these only Notopala is found in Western Australia. This 
genus is referable to the subfamily Bellamyinae. 

Subfamily Bellamyinae Rohrbach, 1937 

Erected primarily on anatomical grounds, the subfamily was proposed by Rohrbach 
(1937) to include those species having males with testis situated along the roof of the 
mantle cavity and not within the viscera and females with a long U-shaped seminal 
receptacle. The subfamily is further characterised by the possession of an unbanded 
protochonch (Wenz, 1938). The group is mainly composed of Ethiopian and Oriental 
species (Vail, 1977) with at least one genus, Notopala, present in Australia. The systematics 
of Centrapala and Larina are not within the scope of this paper. 

Genus Notopala Cotton, 1935 

Cotton erected the genus Notopola, with the type Notopala hanleyi Frauenfeld, 1964, to 
include the Australian viviparids exhibiting a fine spiral microsculpture of the shell. 
However, this microsculpture is by no means restricted to Australian species and 
similarities in anatomy and shell characters between species referred to Notopala, at least 
in Western Australian forms, and those referred to some S.E. Asian bellamyinine genera, 
such as Filopaludina Habe and Idiopoma Pilsbry, suggest the amalgamation. of these 
genera. Before any generic revision could be undertaken a widely based study of the 
relevant species is needed. 

Shells of Notopala are typical of the family. The convex whorls are sometimes angulate 
below the periphery and the aperture length is approximately half the total shell length. 
Embryonic shells are spirally sculptured but this is eroded with age and is not usually 
apparent in older animals. The apex is usually eroded in adults. No sexual dimorphism has 
been observed for shell characters. 

The anatomies of both Western Australian species of Notopala examined correspond 
closely with those described in Vail (1977) for bellamyinine genera. 

Members of the genus occur throughout northern Australia and also in central eastern 
Australia as far south as the Murray River. In Western Australia the two species recognised 
are restricted to the Kimberley Region. 

The following synonymies were prepared from comparisons of specimens in the 
collection of the Western Australian Museum with type specimens from the British 
Museum of Natural History (marked * in these lists) and with drawings of types in Reeve 
(1863) and Smith (1882) and their synonomyies in Iredale (1943). The type of Vivipara alisoni 
from the Macleay Museum, Sydney, was also examined. 

i) Notopala essingtonensis (Frauenfeld, 1862) fig 2a. 
Type locality : Port Essington, Northern Australia. 

1862 Paludina essingtonensis Frauenfeld, Verh.zool-bot. Ges. Wien, 1862 : 1162. 

1863 * Paludina ampullaroides Reeve, Conch. Icon. 16, sp.1, pl.6, fig.30. 

1663 Paludina australis Reeve, Conch lcon.16,sp.71, pl.6. 
1865 * Paludina affinis Martens, Ann.Mag.Nat.Hist. ser. 3,16 :256. 
1882 * Vivipara trincta Smith, J.Linn.Soc.(Lond.)Zool. 16:265. 
1882 * Vivipara dimidata Smith, J.Linn.Soc.(Lond.)Zool. 16:265. 

While the holotype of P. essingtonensis was unable to be located and the original 
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description did not include an illustration the name is applied to this species by virtue of its 
previous usage as a senior homonym of P. ampullaroides, P. affinis and P. australis (Iredale, 
1943). 

Characters of shell and anatomy are as for the genus. The aperture length is 
approximately two-thirds of the shell length in adults and the shell length:aperture length 
ratio increases more slowly with increasing shell length than in N. waterhousii (Fig. 1). The 
peristome is discontinuous with a thin parietal glaze and the shell is rarely umbilicate. The 
periderm is dark green to yellow-brown, often with a dark brown encrustation, and 
generally has three pronounced spiral colour bands above the periphery, often with one 
or two more obscure bands between them. 

Embryonic development takes place in a hard translucent gel. Dissection of asingle live 
animal suggests that the structure of this gel is un affected by fixing. Each embryo occupies 
a discrete section of the overall block. They are arranged in a developmental sequence with 
small eggs at the rear and miniature adults at the front. Each of the eight adult females 
examined from the Grotto contained an entire sequence in both May and December. 
Similar results were found at other N. essingtonensis populations. 

Apical sculpture of the embryonic shells takes the form of two or three prominent raised 
spiral ridges. Periostracal hairs are few and reduced in form. 

20 n= 14 (N.waterhousii —x ) x 

n= 20 (N.essingtonensis —4) 

Shell Length / Aperture Length 

r3 r5 r7 I9 21 23 2:5 27 29 

Shell Length (cm) 

FIGURE 1 : Relationship of shell length to shell length/aperture length for N. essingtonen- 
sis and N. waterhousii (points designated e and w respectively). The equation of the 
regression line for N. essingtonensis is Y=0.09 X +1.31 (r = 0.822, p <0.001, n=20); for N. 
waterhousii Y=0.25 X +1.16 (r = 0.897, p <0.001, n=14), where Y is shell length/aperture 
length and X is shell length. Comparison of these lines using analysis of covariance reveals 
significantly different slopes (F = 10.88 1,26 d.f. p «0.01) but non-significantly different 
elevations. 
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The species occurs throughout the Kimberleys but is most prevalent in the northeast 
sector. It is also found in the Northern Territory and Queensland. Occurring primarily in 
large permanent waterbodies it is most frequently found on rocky substrates but may also 
be found on weeds and logs in rivers and large dams. In smaller waterbodies they are often 
confined to the underside of stones and observations of drying habitats suggest that they 
are not able to tolerate high temperatures. 

il) Notopala waterhousii (A. Adams and Angus, 1864) fig. 2, b. 
Type locality : Newcastle Waters, Arnhem's Land, N. Australia. 

1864 * Vivipara waterhousii A. Adams and Angus, Proc.Zool.Soc.(Lond.) 1836 : 414. 

Figure 2. a) Shell of N. essingtonensis from the Lake Argyle population (WAM488-79). 
b) Shell of N. waterhousii from Liveringa Pool population (WAM489-79). 
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1864 * Vivipara kingi A. Adams and Angus, Proc.Zool.Soc.(Lond.) 1863 : 415. 
1879 Vivipara alisoni Brazier, Proc.Linn.Soc.N.S.W. 3 : 221. 

Shell and anatomical characters as for the genus. Aperture length is approximately half 
the shell length in adults and is less than in individuals of N. essingtonensis of comparable 
length (Fig.1). The peristome is more or less continuous and the shell is often umbilicate. 
The aperture tends to be more rounded than in the former species. The periderm varies 
from greenish-brown to a pale straw colour and although banding patterns are similar to 
N. essingtonensis they are often fainter and sometimes absent. 

Embryos develop in a fluid matrix in the pallial oviduct and members of a brood are ofa 
similar size. The sculpture of these embryonic shells consists of a number of well 
developed periostracal hairs. 

This species occurs throughout northern Australia and is widespread in the Kimberleys. 
Essentially an inhabitant of temporary swamps, these snails are most frequently associated 
with muddy substrates which crack deeply on drying. 

DISCUSSION 

The similarity of both shell and anatomy between the two species of Notopala examined 
and van Benthem Jutting (1956) and Brandt’s (1974) descriptions of certain S.E. Asian 
bellamyinine genera supports McMichael's (1967) contention that the Australian viviparid 
fauna has had a relatively recent origin from S.E. Asia via the Indo-Malayan Archipelago. 
Iredale's (1943) separation of Prashad's (1928) “Vivipara Ampullaroides Group” from 
Notopala s.str. to form the subgenus Notopalena seems to represent overnaming in light 
of the similarities between the two species discussed in this paper, members of this 
subgenus and the species referred to Notopala s.str.. 

Banding patterns and some other shell characteristics are particularly variable between 
populations of N. essingtonensis, more so than for N. waterhousii, and further division of 
this species may be warranted. However, while the data gathered thus far consistently 
separate the two species discussed they are insufficient for a breakdown of N. 
essingtonensis. 

The evolution of the physiological and morphological characters of N. essingtonensis 
and N. waterhousii appears to reflect adaptation to different habitats. The latter species 
being adapted to seasonally drying habitats while the former lives in permanently wet 
situations. Females of N. waterhousii seem to produce batches of young, presumably 
during favourable conditions although it is not known if this is seasonal or merely 
opportunistic, whereas N. essingtonensis females appear to produce young continuously, 
at least in the two seasons sampled. 

Individuals of both species live for a number of years. Thus N. waterhousii must be able 
to withstand desiccation during periods when its habitat has dried. The aperture is smaller 
and rounder in this species and may be easier to seal with the operculum than in N. 
essingtonensis where visual inspection suggests that the aperture is unable to be sealed. 

Although this paper has limited value above species level its synthesis with later works 
may prove useful in an evaluation of the status of Notopala in Australia and its relationship 
with the S.E. Asian forms. 
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(Mollusca: Pulmonata, Helicarionidae) 
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SUMMARY 
Dissection of two small helicarionid land snail species from the Kimberley and near 

Katherine, Northern Territory show that the genus Westracystis Iredale, 1939 belongs to 
the subfamily Helicarioninae. One species, Westracystis lissus (F. A. Smith, 1894) and its 
subjective synonym Westracystis tentus Iredale, 1939, is widely distributed in the Kimber- 
ley, with records from the Harding and Napier Ranges, north and east of Derby, respec- 
tively, to Kalumburu and then west to the Lawford and Laidlaw Ranges on the south-east 
fringes, finally across the border of the Northern Territory to the Sorby Hills and Keep 
River in the north with a single record along the Victoria Highway, 25 km east of Timber 
Creek Police Station. The second species, Westracystis fredaslini, new species, is known 
from the vicinity of Katherine south to Elsie Station on the Roper River, Northern 
Territory. Discussion of anatomical differences, aestivation strategies, annual growth 
differences, and ecology help to explain the wide distribution of W. lissus. 

INTRODUCTION 
As a byproduct of field surveys in Northern Australia that focussed on the camaenid 

lands snails (Solem, 1979, 1981a, 1981b, In preparation), sufficient materials have accumu- 
lated of many micro-mollusks to prepare preliminary monographs of several genera. A 
review of the vertiginid genus Gyliotrachela Tomlin, 1930 has been published (Solem, 
1981c), and this is the second contribution. It covers the small, horn coloured, smooth 
surfaced, litter and talus dwelling species that are about 4-11 mm in diameter, and have a 
rounded to almost slightly angled periphery. The umbilicus is at most narrowly open and 
usually with waxy secretions inside. Several other, generally smaller, helicarionids with 
radial or spiral ribs on the spire and a much more sharply angulated periphery occur 
sporadically within the range of Westracystis, as do representatives of the minute, nearly 
globular genus Wilhelminaia Preston, 1913. All of these show shell surface sculpture that is 
absent in Westracystis. 

Classification of the Australian Helicarionidae is chaotic. Except for the recent studies of 
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Kershaw (1978, 1981) on Helicarion, all anatomical studies pre-date the classic study of 
H. B. Baker (1941) on the Pacific Island taxa, which set the minimum standard for subse- 
quent investigations. Data on eastern states species are inadequate to permit comparisons 
with the dissections reported here, and meaningful generic clustering is impossible 
without new studies. Genera and nomina nuda of Iredale (1933, 1937) cannot be allocated 
without further study that is beyond the scope of this report. 

Placement of Westracystis in the Helicarioninae of H.B. Baker (1941: 263) as modified by 
Solem (1966: 23-24) is possible on the basis of the presence of the retractor caecum (ERC) 
and long, uncoiled epiphallic flagellum (EF). Dissections of the Lord Howe Island Epi- 
glypta (Baker, 1941: pl. 47, figs. 1-3) and Helicarion leucospira (Pfeiffer, 1857) (Baker, 1941: 

pl. 47 figs.4-5) show both taxa have the retractor caecum bound into the penial retractor 
muscle and a large penis sheath developed. Epiglypta has serrated lateral outer edges on 
the radular marginal teeth, as does the Solomon Island Helicarion (Sitalarion) planospira 
(Pfeiffer, 1853) (see Baker, 1941: pl. 46, fig. 18, pl. 47, fig. 3). Kershaw (1979, 1981) has 
provided excellent anatomical summaries of several Australian Helicarion, which clearly 
differ from Westracystis in lacking the retractor caecum and with very distinctive internal 
penial wall structures. The many differences in proportionate size and position of genital 
structures derive from visceral hump reduction in Helicarion, and do not indicate funda- 
mental differences. Variation in the form and size of the penis sheath in all of these genera 
is considerable. 

Odhner (1917: 77-84) dissected and illustrated a number of Queensland species in a 
pioneer study. Only partial data is shown for each taxon, but the absence of either the 
epiphallic flagellum or the retractor caecum, presence of unicuspid marginal radular 
teeth, serrated edges on bicuspid marginals, or differences in the relative lengths of 
terminal female organs, combined to distinguish all of these species from Westracystis on 
the genetic level. Until the Queensland and New South Wales species have been studied 
to the same degree as Westracystis, we lack data sufficient to determine their degree of 
relationship to each other and to Westracystis. The briefly described genera Expocystis, 
Tarocystis, and Melocystis of Iredale (1937:4-6), based mainly on Odhner's evidence, are 
separable from Westracystis using currently accepted helicarionid generic criteria. 

Previous publications on Westracystis include the original descriptions of W. lissus (E.A. 
Smith, 1894), mention of this species in anomenclatural nightmare (Iredale, 1933), citation 
in check lists (Hedley, 1916; Iredale, 1937), valid description of the genus Westracystis 
(Iredale, 1939), description of W. tentus from the Napier Range (Iredale, 1939), and listing 
of locality records in two faunal papers (Wilson and Smith, 1975; Merrifield, Slack-Smith, 
and Wilson, 1977). The generic name Westracystis was mentioned by Iredale (1933: 56) in 
the sentence “The West Australian shell Smith named Lamprocystis lissa has been trans- 
ferred to Microcystis by Hedley, but it is not much like Nitor, the East Australian represen- 
tative, and therefore may be called Westracystis until its anatomy is studied." This cannot 
be considered a valid description. Iredale (1937: 6) included it in a check list without 
comment, and finally (Iredale, 1939: 44) provided a barely valid description of both the 
genus and a new species from the Napier Range, W. tentus. The latter was differentiated 
by its “engraved umbilicus,” smaller size, and less notable umbilical ridge. 

This paper reviews the anatomy, distribution, and variation in Westracystis lissus (Smith, 
1894) and describes a new species from near Katherine, Northern Territory, W. fredaslini. 
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SHELL GROWTH AND VARIATION PATTERNS 

Most helicarionid and zonitid snails do not show determinate shell growth, reaching 
"adult size" and then forming an easily recognizable indication of growth cessation, 
but may instead continue gradual accretive growth indefinitely. Thus size distribution 
within a population will not be normal and ordinary statistical analysis of variation is 
meaningless. Inspection of larger samples of dead specimens reveals a dichotomy of size 
and often apertural features. There will be smaller individuals with 3 3/4 to 4 1/4 whorls, 
often showing a thick ridge on the outer edge of the parietal callus (fig. 14e), and 
frequently with the upper palatal lip noticeably sinuated. The second form is distinctly 
larger, with a range of 4 1/2 to 5 1/4 whorls, rarely with any palatal lip sinuation and 
normally without trace of a parietal callus ridge (fig. 14b). Most of these larger shells show 
clear evidence of a growth pause, indicated by dotted lines in fig. 14a, which islocated ata 
point on the shell equivalent to the size range of the small morph. 

l interpret this variation to indicate that Westracystis lissus lives through at least two wet 
seasons. The small morph is specimens that have aestivated at the end of the wet season in 
which they were born, while the large morph consists of specimens that grew during a 
second wet season. An occasional specimen with two or three growth pauses will be 
found, but I have no evidence of whether they live beyond the third wet season. My main 
evidence for this comes from the large sample of live individuals taken from a single rock 
on the Mitchell Plateau in October 1976 (fig. 13). Both morphs were present and alive in 
part, although about 20% of the specimens had dried out during the 1976 dry season. 
Normally by then the first rains would have fallen on the Mitchell Plateau, but these were 
collected while the dry season was lingering on and thus accurately indicate survivorship 
into the next wet season. Dissection of both morphs failed to reveal any differences that 
could be attributed to age. Male and female systems were apparently inactive with small 
ovotestis (G), slender hermaphroditic duct (GD), and relatively narrow prostate (DG) and 
uterus (UT) (figs 16a-c). It is hypothesized that Westracystis is sexually mature in both 
morphs and survives into the third wet season. Probably it is reproductively active in both 
the second and third wet seasons. | can offer no evidence as to whether it lives into and 
reproduces during a fourth wet season. 

In looking at the larger examples, frequently minor growth pauses on the shell can be 
noted in addition to the major pause that is interpreted as the main dry season hiatus. 
Probably these indicate short periods of dryness during the late part of the wet season ora 
period of activation by an early rain followed by continuation of the late dry season. Study 
of such variation in live specimens and correlation with actual local conditions will be 
needed to substantiate or disprove this idea. 

Many collections did not contain both morphs. | do not consider this to be particularly 
significant in view of the tendency for specimens of this genus to cluster (figs. 12 and 13). 
Large clusters, such as on the rock surface, do contain a mixture of morphs, but assemblage 
of a single cohort on a small leaf an in fig. 12 would happen routinely. Many of such 
assemblages would tend to die out through exposure to heat or fire during the dry season, 
and collection from litter would follow subsequently. This clustering tendency also helps 
explain the very wide distribution of Westracystis lissus,since small colonies sealed to dry 
leaves on the litter surface would be prime candidates for accidental dispersal by winds 
and ideally suited to establish new colonies. 
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SYSTEMATIC REVIEW 

Genus Westracystis Iredale, 1939 
Westracystis Iredale, 1933, Rec. Australian Mus., 19 (1): 56 — nomen nudum; Iredale, 

1937, Australian Zool., 9 (1): 6— citation in check list without commentary; Iredale, 1939, J. 
Roy. Soc. Western Australia, 25:44 — description of genus. 

Type species. — Lamprocystis lissa E. A. Smith, 1894 by original designation. 

Because growth is not determinate and most samples of any size had a clear mixture of 
age classes, no statistical summary of measurements has been prepared. Standard mea- 
surements were recorded for the largest individuals in each set, and some data manipula- 
tion of these figures undertaken. The results were inconclusive in identifying clear trends 
geographically. For each area from which a number of collections were available, the 
maximum size of live collected individuals was 0.7 to 3 mm less than the maximum size of 
dead shells. Since most collections were made during the early to middle of the dry 
season, the chance of finding maximum size live specimens may have been reduced. 
More probably, the phenomenon of allochronic variation is involved, with maximum 
sized individuals appearing sporadically after one or two heavy wet seasons, while collec- 
tions in more ordinary years would contain average sized individuals. Of the 18 specimens 
over 8.7 mm in diameter, 16 were from the Napier Range. This may result from the 
comparatively large limestone masses in the Napier Range, with multiple fissures and 
seepage areas that stay wet noticably after surface areas have dried out. A longer period 
for growth is available in the Napier Range, and the large size may reflect that simple fact. 

Westracystis lissus (F. A. Smith, 1894) is smaller, with more tightly coiled whorls, gener- 
ally sinuated upper lip margin, and the columellar lip more strongly reflected over the 
umbilicus (fig. 14) than in W. fredaslini (fig. 15). The former normally is less than 8.5mm 
in diameter, while the latter is 9.5-11 mm in diameter. Anatomically, W. lissus (fig. 16a) has 
a longer retractor caecum (ERC), longer epiphallic flagellum (EF), and more of the 
epiphallus (E) protrudes above the top of the penissheath than in W. fredaslini (fig. 17). W. 
lissus (fig. 18) lacks the double wall to the penis (P) and has a much different sheath (PS) 
attachment than does W. fredaslini (fig. 19). There are obvious differences in the sculpture 
of the walls of the penis chamber between the two species. So far as is known, none of the 
other helicarionids from the Kimberley have the prominent shell lobes (L, fig. 17a) found 
in both Westracystis. 

Westracystis lissus (E. A. Smith, 1894) 
Figs. 1-5, 12, 13, 14, 16, 18 

Lamprocystis lissa E. A. Smith, 1894, Proc. Malac. Soc. London, 1(3): 86-87, pl. VII, figs. 22-23 
— Queen's Islet, Parry Island (Walker), Burner (= Napier Range) Ranges 
(Cox). 

Microcystis lissa (Smith), Hedley, 1916, J. Roy. Soc. Western Australia, 1: 71. 

Westracystis lissus (Smith), Iredale, 1933, Rec. Australian Mus., 19 (1): 56; Iredale, 1937, 

Australian Zool., 9 (1): 6; Iredale, 1939, J. Roy. Soc. Western Australia, 25: 
44. 

Westracystis tentus Iredale, 1939, J. Roy. Soc. Western Australia, 25: 44, pl. III, fig. 14 — 

Barrier Range (= Napier Range) (W. W. Froggatt); Wilson and Smith, 
1975, Wild. Res. Bull. Western Australia no. 3: 98-99; Merrifield, Slack- 
Smith, and Wilson, 1977, Wild. Res. Bull. Western Australia no. 6: 110- 
119. 

Diagnosis: A species of Westracystis with long epiphallus (E), epiphallic flagellum (EF), 
and retractor caecum (ERC, fig. 16a), maximum diameter of shell 7 to 9.5 mm in large 
morph, upper palatal lip sinuated in part (figs. 14b, e), umbilicus internally with a few 
incised spiral lines, columellar lip reflecting partly over umbilicus, which is often filled 
with a waxy secretion. W. fredaslini from near Katherine, Northern Territory is closely 
related, but the shorter epiphallic organs (fig. 17b), shell diameter of 9-11 mm, almost 
always unsinuated palatal lip, and more open umbilicus with reduced internal sculpture 
enable identification. 



Small land snails 179 

Syntypes: British Museum (Natural History) Queen's Islet, Parry Island, Kimberley, 
North-west Australia. Collected by J. J. Walker. Also Burner (= Napier Range) Range. 

Collected by W. W. Froggatt, ex J. C. Cox. Latter specimens are part of the type lot of 
Westracystis tentus Iredale, 1939. Syntypes of W. tentus Iredale, 1939 are Australian 
Museum C.64901 from Barrier Range (= Napier Range) collected by W. W. Froggatt. 
Iredale (1939: 44) restricted the type locality of lissa to Queen's Islet. 

Description: Shell of medium size when in large morph,diameter normally less than 9.0 
mm, whorls 4 3/4 rarely up to 5 1/8. Coiling pattern tight, lip of shell often sinuated above. 
Shell surface macroscopically smooth except for growth pauses or repaired injuries 
indicated by incised radial lines or notches, not shining, at high magnification appears 
burnished. Umbilicus narrow, partly covered by expansion of columellar lip, internally 
with a few spiral incised grooves, umbilical opening often filled with waxy secretion. 
Radular teeth (figs. 1-5) with tricuspid central (fig. 4); usually eight laterals with small 
endocone shifted higher on mesocone and gradually reduced in size, interrow support 
system well developed; transition to marginals occuring abruptly (figs. 1-3) and involving 
gross narrowing of tooth width, loss of endocone, greater elevation of cusp shaft and 
apical curvature, and disappearance of interrow support system (fig. 3): marginals bicus- 
pid, 25-30 in number, cusp shaft with near vertical elevation (fig. 3), only slight anterior 
flare (fig. 5), ectocone becoming more prominent on outer (fig. 5) than early (fig. 3) teeth, 
mesoconal tip sharply pointed and curved from shaft angle. Genitalia (figs. 16a-c, 18) with 
ovotestis of several small lobules (fig. 16c, G), reduced in size in dry season collections. 
Hermaphroditic duct (GD) tightly kinked and thick until shortly before entering near base 
of finger-shaped talon (GT, fig. 16b). Albumen gland (GG) short, tapered (figs. 16a, b), 
carrefour (X) large. Prostate (DG) and uterus (UT) typical, latter with lower half expanded 
greatly to form egg encapsulation section. Free oviduct (UV) long and slender. Sperma- 
theca (S, fig. 16a) of medium length with enlarged head, basal part of shaft swollen, larger 
in diameter than free oviduct (UV), vagina (V) very short and narrowed before entering 
atrium (Y). Basal parts of spermatheca and free oviduct tightly bound to body wall by 
muscle fibers. Vas deferens (VD) slender, lightly attached by fibers to outside of penis 
sheath as is epiphallic flagellum (EF), entering parallel to epiphallic flagellum at point 
opposite apex of penis sheath (fig. 16a). Epiphallic flagellum (EF) about 80% length of penis 
sheath, slenderer than epiphallus (E), which extends as a long loop above penis sheath. 
Penial retractor muscle (PR) very slender, arising from diaphragm, inserting on junction of 
epiphallus and epiphallic retractor caecum (ERC). Latter (fig. 16a) about two-thirds length 
of epiphallic flagellum, not bound to penial retractor muscle. Interior of penis (fig. 18) 
with two corrugated ridges (PP) inside main chamber of thick walled penis. No clear 
demarcation in sculpture between epiphallus (E) and penis (P). Penis sheath (PS) thin 
walled below, a thick collar wall attaching near top of larger pilaster, extended upwards in 
a neck around head of epiphallus and penis. Sheath attaching at junction of penis and 
vagina to form the short atrium (Y). 

Material studied: The following records are organized geographically, roughly west to 
east. For reasons of space, materials collected in different years and by separate groups of 
collectors are segregated. Locality data has been abbreviated, with fuller listings given in 
Solem (1979, 1981a, 1981b, In preparation), Wilson and Smith (1975), Merrifield, Slack- 
Smith and Wilson (1977). Specimens cited are mainly in the Western Australian Museum 
(WAM) or Field Museum of Natural History (FMNH). 

WESTERN AUSTRALIA Napier Range, August 1975 (Sta. NR | — XXIV) and May 1976 (NRII 

— 1-31): near northwest corner of Napier Range — Sta. NR VII, NR IX, NR II — 6 (55 dead 
specimens, WAM 785.76-787.76, WAM 800.76, WAM 941.76, WAM 24.81, WAM 41.81), 

near Red Bull Mill (2 specimens, WAM 28.81); near Stumpy's Well-Sta. NR V, NR VI (40 
specimens, WAM 783.76, WAM 784.76); west of Barker River Gorge — Sta. NR II — 2, NR 
11—4,NR 11 — 5 (21 specimens, WAM 38.81, WAM 40.81, WAM 43.81, WAM 46.81-49.81), 

Old Napier Downs Cave (5 specimens, WAM 39.81, WAM 44.81, A.M. Douglas and 
George Kendrick, 10 July 1966), north side Barker River Gorge (6 specimens, WAM 32.81, 
A. M. Douglas and George Kendrick, 6 July 1966); east side of Barker Gorge — Sta. NR II — 
1 (2 specimens, WAM 35.81); near Wombarella Gap — Sta. NR II — 7 (8 specimens, WAM 
37.81); near Yammera Gap — Sta. NR II - 19, NR II - 31 (3 specimens, WAM 33.81, WAM 
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36.81); 4.5 km north-west of Windjana Gorge — Sta. NR II - 24 (2specimens, WAM 48.81); 
Billyarra Spring (2 specimens, WAM 22.81); Windjana Gorge — Sta. NR X — XII, NR XIV (113 
specimens. WAM 788.76, WAM 789.76, WAM 791.76, WAM 942.72, WAM 942.76, WAM 

34.81, also A. M. Douglas and George Kendrick, 8 specimens, WAM 98.69, 2 July 1966); 1-3 
km south-east of Windjana Gorge — Sta. NR XV-XVII (44 specimens, WAM 792.76, WAM 
793.76, WAM 795.76); 15 km south-east of Windjana Gorge — Sta. NR XVIII (10 specimens, 
WAM 975.76); McSherry Gap — Sta. NR XIX, NR XXIV (66 specimens, WAM 794.76, WAM 
798.76); near the Tunnel — Sta. NR XX-XXII (16 specimens, WAM 796.76, WAM 797.76, 
WAM 799.76, WAM 1011.76, also A. M. Douglas and G. Kendrick, 5 specimens, WAM 

42.81, 2 July 1966). 
Napier Range, October 1976 to April 1977, May 1980 (Sta. WA-568-583): south-east 

Original Napier Downs Homestead — Sta. WA-322 (9 specimens, FMNH 199328); near 
Chedda Cliffs — Sta. WA-192 (5 live, 17 dead specimens, FMNH 199415, FMNH 199536, 
FMNH 200365, WAM 536.80); 7.1 km north-west of Barker Gorge — Sta. 324 (1specimen, 
FMNH 199083); Barker Gorge — Sta. WA-357 (1 specimen, FMNH 200322); Wombarella 

Gap — Sta. WA-333 (2 specimens, FMNH 199900); north-west of Yammera Gap — Sta. 
WA-325, WA-200, WA-360, WA-572 10 specimens, FMNH 199148, FMNH 199382, FMNH 

200289, FMNH 200518, FMNH 204685); 10.5 km south-east of Yammera Gap — Sta. WA-359 
(1 specimen, FMNH 199118); south side Windjana Gorge — Sta. WA-193, WA-194 (15 
specimens, FMNH 199722, FMNH 200027, FMNH 200043, FMNH 200015, FMNH 200309, 
FMNH 200371); north side of Windjana Gorge — Sta. WA-308, WA-309 (5 specimens, 
FMNH 199172, FMNH 200098); 11 km east of Windjana Gorge — Sta. WA-280 (1specimen, 
FMNH 199229); 5 km west of Tunnel Creek — Sta. WA-275 (2 specimens, FMNH 199221); 
Tunnel Creek — Sta. WA-272, WA-274, WA-583 (23 specimens, FMNH 199240, FMNH 

199448, FMNH 199887, FMNH 204717, WAM 537.80); east of Tunnel Creek — Sta. WA-270, 

WA -279 (20 specimens, FMNH 199231, FMNH 199260, FMNH 200212, WAM 538.80). 

Harding Ranges: 8 miles north-west of Munja Station (20 specimens, Australian 
Museum, C. Davis, 17 August 1943). 

Leopold Ranges: Mt. Hart Homestead — WA-316, WA-317 (29 specimens, FMNH 
199323, FMNH 200505, FMNH 200329, FMNH 200513, WAM 544.80). 

Oscar Ranges: near Stumpy”s — OR 1, OR II (41 specimens, WAM 801.76-803.76, S. 
Slack-Smith and Barry Wilson, 2 September 1975); Two Mile Bore — Sta. WA-267 (1 
specimen, FMNH 199461); Mt. Wynne Creek — Sta. WA-264 (38 specimens, FMNH 
199498, FMNH 200225, FMNH 200226, WAM 543.80); Brooking Creek north of Oscar 

Ranges — Sta. WA-711 (19 specimens, FMNH 205312, FMNH 205313, WAM 548.80); 
Brooking Gorge — Sta WA-257, WA-258 (5 specimens, FMNH 199488, FMNH 199551, 
WAM 23.81). 

Prince Regent River Reserve, August 1974: Enid Falls, Rufous Creek, Roe River — Sta. 

E5-1 (33 live, 10 dead specimens, WAM 398.75, WAM 404.75, WAM 416.75, WAM 420.75, 
WAM 78.81, WAM 81.81-83.81), Sta. E5-2(12 live, 1 dead specimens, WAM 397.75, WAM 
399.75, WAM 96.81), Sta. E5-4 (1 dead specimen, WAM 419.75), Sta. E5-5 (3 live, 10 dead 

specimens, WAM 400.75, WAM 46.81), Sta. E5-6 (4 live, 2 dead specimens, WAM 405.75, 
WAM 410.75), Sta. E5-7 (12 live, 2 dead specimens, WAM 407.75 WAM 79.81, WAM 80.81), 

Sta. E5-8 (7 live, 2 dead specimens, WAM 402.75, WAM 414.75, WAM 95.81), Sta. E5-10 (1 
dead specimen, WAM 412.75); Garimbu Creek, Roe River — Sta. F6 (27 live, 2 dead 
specimens, WAM 418.75, WAM 88.81); Youwanjela Creek, Prince Regent River — Sta. W6 
(2 dead specimens, WAM 415.75), Sta. W6-1 (4 live, 8 dead specimens, WAM 403.75, WAM 
411.75, WAM 94.81), Sta W6-2 (1 live, 3 dead specimens, WAM 406.75, WAM 89.81), Sta. 
W6-5 (1live specimen, WAM 90.81); Mt. Trafalgar, Saint George Basin — Sta. W4-1 (3 live, 
ca. 26 dead specimens, WAM 408.75, WAM 409.75, WAM 413.75, WAM 417.75, WAM 
421.75, WAM 93.81). 

Prince Regent River Reserve, July 1977: West bank of Roe River (15? 15' S, 125? 33' E) — 
Sta. 1 (1 live, 7 dead specimens, WAM 26.81, WAM 27.81); island on north side of mouth, 
Roe River Estuary (15? 06' S, 125? 21' E) (1 dead specimen, WAM 29.81). 

Beverley Springs Station: Plain Creek Gorge (2 live, 1 dead specimens, WAM 377.75). 
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Mitchell Plateau, July 1975: Sta. MP 3 (1specimen, WAM 51.81), Sta. MP 4 (24 specimens, 
WAM 50.81, WAM 51.81, WAM 55.81), Sta. MP 5 (2 specimens, WAM 52.81) Sta. MP 14 (32 
specimens, WAM 54.81, WAM 97.81), vine thicket at map reference Warrender 4068 — 
018:535 (1 specimen; WAM 53.81), Sta. 4,6 km north of Hair Creek, Gibb River-Kalumburu 
road (Bradshaw 4167 — 990:125) (37 specimens, WAM 25.81, WAM 77.81). 

Mitchell Plateau, October-November 1976: vine thicket at map reference Warrender 
4068 — 076:760 (30 specimens, WAM 57.81); Walsh Point (3 specimens, WAM 31.81); south 
face McGregor Point, Admiralty Gulf (16 specimens, WAM 86.81); Sta. 2, east of Crystal 
Creek Pools (58 specimens, WAM 84.81, WAM 92.81); Crystal Creek track vine thicket 
(Warrender 4068 — 004:885) (1 specimen, WAM 87.81); Warrender Road, 6 km north of 
Surveyor Pool turnoff (33 specimens, WAM 85.81, WAM 91.81). 

Mitchell Plateau, October to November 1976: drop-off camp area, Warrender Road — 
Sta. WA-201, WA-202, WA-203, WA-221 (332 specimens, FMNH 199558, FMNH 200029, 

FMNH 200090, FMNH 200125, FMNH 200127, FMNH 200374, FMNH 200376-7, FMNH 
200380-2, FMNH 200565, WAM 526.80-528.80, WAM 531.80-533.80); Crystal Creek vine 

thicket — Sta. WA-204 (44 specimens, FMNH 199561, FMNH 199567, FMNH 199393, FMNH 

200388, FMNH 200399, FMNH 200401, FMNH 200404, FMNH 200408, FMNH 200421, FMNH 

200432, WAM 534.80, WAM 535.80); vine thicket above Camp Creek — Sta. WA-206 (1 

specimen, FMNH 200435); Walsh Point — Sta. WA-207 (6 specimens, FMNH 199373, 
FMNH 199519); 5 km towards Camp Creek quarry from AMAX turnoff — Sta. WA-210 (1 
specimen, FMNH 200443); vine thicket at west end of WA-201 valley — Sta. WA-212 (42 
specimens, FMNH 199600, FMNH 200074, FMNH 200450, FMNH 200452, FMNH 200458, 

FMNH 200462, FMNH 200464, FMNH 200467, WAM 529.80 WAM 530.80); vine thicket 
west of drop-off — Sta. WA-384 (2 specimens, FMNH 200003, FMNH 200008); 0.8 km 
south of AMAX camp — Sta. WA-391 (2 specimens, FMMH 199284); Walsh Point Road 
vine thicket — Sta. WA-393 (4 specimens, FMNH 199316, FMNH 199808). 

Drysdale River National Park, late August 1975: Sta. 1, Ashton Range (15? 11' S, 126? 48' E) 
(ca. 41 specimens, WAM 125.76, WAM 126.76); Sta. 2, gully of Drysdale River tributary (14? 
35' S, 127? 02' E) (25 specimens, WAM 127.76-129.76); Sta. B1-5, Glider Gorge (Carson 4268 - 
662:600) (10 specimens, WAM 130.76-133.76); Sta. C1-2, Worriga Gorge (Ashton 4267 — 
491:376) (10 specimens, WAM 134.76, WAM 136.76); Sta. C1-3, Worriga Gorge (Ashton 
4267 — 491:389) (7 specimens, WAM 137.76); Sta. C1-5, Elasmias Creek (Ashton 4267 
—493:366) (7 specimens, WAM 138.76); Sta. C1-6, Worriga Gorge (Ashton 4267 — 489: 369) 
(5 specimens, WAM 139.76); Sta. C1-7, Colochasia Creek (Ashton 4267 — 490:394) (41 
specimens, WAM 140.76); Sta. C2-5, Woorakin Creek (Ashton 4267 — 571:346) (2 speci- 
mens, WAM 141.76); Sta. C2-6, Woorakin Creek Gorge (Ashton 4267 — 565:345) (1 
specimen, WAM 142.76); Sta. C2-7, Woorakin Creek Gorge (Ashton 4267 — 555:341) (3 
specimens, WAM 143.76); Sta. C2-12, Woorakin Creek Gorge (Ashton 2467 — 560:342) (2 
specimens, WAM 144.76); Sta. C4, Carlia Creek (15? 01' S, 126? 49' E) (16 specimens, WAM 
145.76); Sta. C5-2, Forest Creek (Carson 4268 — 768:789) (3 specimens, WAM 146.76); Sta. 
C5-3, Forest Creek (Carson 4268 - 786:788) (ca. 10 specimens, WAM 147.76); Sta. C5-4, 
Forest Creek (Carson 4268 — 786:785) (ca. 5 specimens, WAM 148.76); Sta. C5-5, Forest 
Creek (Carson 4268 — 786:785) (ca. 10 specimens, WAM 149.76); Sta. C5-6, Forest Creek 
(Carson 4268 — 792:778) (10 specimens, WAM 150.76). 

Kalumburu Mission: Sta. WA-218, WA-220 (37 specimens, FMNH 199503, FMNH 199505, 

FMNH 199511, FMNH 200530, FMNH 200537, FMNH 200548, WAM 541.80, WAM 542.80). 

Pentecost River: El Questro Homestead — Sta. WA-592 (1 specimen, FMNH 204747). 

Pillara Range: Pillara Spring — Sta. WA-250 (4 specimens, FMNH 200592). 

The Pinnacles: 0.5 km west of Pinnacles Creek — Sta. WA-249, WA-589 (3 specimens, 

FMNH 199470, FMNH 204732). 

Emanuel Range: Cave Spring, Bugle Gap (17 specimens, WAM 20.81, WAM 21.81, G. W. 
Kendrick, 28 June 1966, 9 august 1967). 

Lawford Ranges: Nardji Cave — Sta. WA-363 (3 specimens, FMNH 199151); Mimbi 
Creek — Sta. WA-364 (1 specimen, FMNH 199154); Jones Spring — Sta. WA-365 (1 
specimen, FMNH 199157). 
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Kununurra area: banks of Ord River diversion dam (1 specimen, WAM 30.81, S. Slack- 
Smith, 16 October 1976); Cave Springs Range — Sta. WA-240 (5 specimens, FMNH 200583); 
Jeremiah Hills — Sta. WA-673 (25 specimens, FMNH 205113, WAM 547.80); 13.7 km south 
of Limestone Mill — Sta. WA-601 (50 specimens, FMNH 204781, FMNH 204782, FMNH 
204788, WAM 546.80); Weaber Ranges — near Point Spring - Sta. WA-238, WA-239 (67 
specimens, FMNH 199541, FMNH 199611, FMNH 200579, FMNH 200580, WAM 545.80). 

Ningbing Ranges, north of Kununurra, November 1966, May and June 1980, geographic 
sequence north to south: North of No. 8 Bore — Sta. WA-634, WA-700 (11 specimens, 
FMNH 204894, FMNH 204897, FMNH 205259, FMNH 205260); Utting Gap — Sta. WA-230, 
WA-639, WA-662 (4 specimens, FMNH 199958, FMNH 204927, FMNH 205054); 2.3 km 

south of Utting Gap — Sta. WA-643 (1specimen, FMNH 204951); vicinity of Tanmurra Bore 
— Sta. WA-628, WA-654, WA-658 (11 specimens, FMNH 204870, FMNH 204871, FMNH 

205017, FMNH 205033, WAM 540.80); The Gorge, Central Ningbing Ranges — Sta. WA- 

646, WA-647 (10 specimens, FMNH 204966, FMNH 204972, FMNH 204973); 1.7-4.3 km 
south of Ningbing Bore — Sta. WA-226, WA-602, WA-604, WA-605, WA-607, WA-608 (23 
specimens, FMNH 200343, FMNH 204801, FMNH 204802, FMNH 204811, FMNH 204818, 
FMNH 204821, WAM 539.80); near 4 Mile Creek — Sta. WA-614, WA-617, WA-619 (4 

specimens, FMNH 204835, FMNH 204840, FMNH 204846). 

NORTHERN TERRITORY Sorby Hills: Sta. WA-677 (3 specimens, FMNH 205134). 
Keep River, north-east of Wyndham, near NT-WA border (1 specimen, Australian 

Museum, K. Sutherland, June 1964). 

Victoria Highway: 24.4 km east of Timber Creek Police Station, 44.1 km west of Fitzroy 
Station turnoff, limestone ridges — Sta. WA-680 (8 specimens, FMNH 205151, A. Solem, L. 
Price, F. & J. Aslin, June 1980). 

Discussion: The above records accurately reflect areas of land snail collection in 
Western Australia and the fringes of the Northern Territory. Anumber of collections have 
been made on the south of Lake Argyle and towards Halls Creek, without any specimens 
of Westracystis being obtained. The many hills between Fitzroy Crossing and The Pinna- 
cles have yielded comparatively few positive stations, and even in the Napier Ranges east 
of Yammera Gap, examples have been collected only at noticably wetter sites that retain 
moisture longer. A number of Oscar Range localities yielded camaenids, but no Westra- 
cystis. It is not possible to draw a meaningful boundary or to identify the exact reasons for 
sporadic occurrences in the south-east Kimberley. Some of the localities may have yielded 
subfossil material leached from soil and thus not accurately reflect extant pupulations. As 
a tentative hypothesis, however, | would estimate that the south-east range would closely 
approximate the normal 500 mm rainfall line, adjusted to a minor extent to include a few 
sheltered spots that retain moisture effectively, and exclude a few open sites to the north 
of this line where evaporation is more rapid than normal. 

An interesting study would be to follow shell growth patterns in the south-east fringe 
areas compared with the patterns in the wetter coastal areas. 

The illustrated genital system is based on material collected 14 November 1976 from 
near Point Spring, Weaber Ranges, north of Kununurra. The specimen was the large 
morph. Additional material was dissected from the Ningbing Ranges (Sta. WA-700, FMNH 
205260), Napier Range (Sta. WA-194, FMNH 200309), King Leopold Ranges (Sta. WA-316, 
FMNH 200513), and Mitchell Plateau (Sta. WA-203, FMNH 200382, FMNH 200090). The 

latter included specimens of both morphs, the Napier material was of the small morph 
only. No significant differences were observed, and | am convinced that only one species 
can be recognized. Except the Ningbing specimen taken in June 1980, all the remaining 
material was from October and November 1976. Thus no information on possible seasonal 
variation in the genital system can be offered, as all material studied was in dry season 
mode. 

Westracystis tentus Iredale, 1939 was based on specimens of the small morph from the 
Napier Range and is thus synonymized with W. lissus (Smith, 1894). Actually, the types of 
tentus are from one of the type lots of lissus, since Froggatt collected the “Burner” Range 
(= Napier Range) material sent by Cox to E. A. Smith for identification. Smith (1894) 
correctly considered both morphs to be one species, while Iredale (1939) separated them. 
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| have not selected lectotypes, as the illustrated specimen of W. tentus was not located in 
the Australian Museum and would have preference as type, and the British Museum 
(Natural History) material was examined several years ago and compared with Mitchell 
Plateau and Napier material, but type designation not attempted. 

Few SEM radular photographs of helicarionids have been published, and only the 
reports of Kershaw (1979, 1981) are of closely related taxa. In both Helicarion cuvieri 
Ferussac, 1819 (Kershaw, 1979: 148, figs. 2-3) and H. niger (Quoy and Gaimard, 1832) 
(Kershaw, 1981: 25-26, figs. 2-3) the ectocone on the lateral teeth and the anterior flare of 
the lateral teeth are strikingly larger than those of Westracystis (figs. 1, 4, 6, 7, 11). In the 
Helicarion, the transition between lateral and marginal teeth (Kershaw, 1979: fig. 3; 
Kershaw, 1981: fig. 2 as printed) occurs over three or four teeth, while in Westracystis (figs: 
1, 2, 3, 7,9) the shift takes place in two teeth. Data on the total number of teeth per row in 
Helicarion is not available. 

Westracystis fredaslini, n. sp. 
Figs. 6, 7-11, 15, 17, 19 

Diagnosis: A species of Westracystis with shortened epiphallus (E), epiphallic flagellum 
(EF), and retractor caecum (ERC, fig. 17b), maximum diameter of shell 9.5-11 mm, upper 
palatal lip rarely slightly sinuated (fig. 15b), umbilicus internally with a few weak incised 
spiral lines, columellar lip slightly reflecting over umbilicus (fig. 15c), thickened and 
twisted. W. lissus (E. A. Smith, 1894) from the Kimberley, Western Australia and as far east 
as the Victoria Hlghway, 24.4 km east of Timber Creek Police Station, in the Northern 
Territory is smaller, maximum shell diameter 7-9.5 mm, more tightly coiled, with the 
upper palatal lip more strongly sinuated, the umbilicus narrower because of lip reflection, 
and with much longer epiphallus, epiphallic flagellum, and retractor caecum (fig. 16a). 

Holotype: WAM 519.80, Station WA-688, near mouth of Cutta Cutta Cave, 16 Mile Cave 
Reserve, south of Katherine, Northern Territory. “Manbulloo” 1:100,000 map sheet 5368 
— 272:865. Collected by A. Solem, L. Price, F. & J. Aslin 4 June 1980. Height of holotype 5.6 
mm, diameter 9.95 mm, H/D ratio 0.563, whorls 4 5/8-, umbilicus very narrow. 

Paratopotypes: WAM 521.80, WAM 522.80, FMNH 205209, FMNH 205210, 4 live and 30 
dead specimens from the type locality. 

Paratypes: Northern Territory: Sta. WA-697, south bank of Roper River just below Falls, 
ca. 18 km east of Mataranka (Mataranka 5568 — 150:470) (2 live, 23 dead specimens, WAM 
523.80, FMNH 205250, FMNH 205251); Elsie Station, Roper River, ca. 200 m below Elsie Falls 
(4 specimens, Australian Museum, collected by V. Kessner 10 June 1978); Sta. WA-682, 
scattered limestone 11.15 km north-west of Katherine River (Katherine 5369 — 961:057) (1 
dead specimen, FMNH 205169); Sta. WA-685, limestone outcrops 3.0 km north-west of 
Katherine River bridge (Katherine 5369 — 021:015) (1 live, 178 dead specimens, WAM 
525.80, FMNH 205184, FMNH 205191); Sta. WA-686, limestone knoll near Lower Reserve, 
Katherine (Katherine 5369 — 013:983) (28 dead specimens, WAM 524.80, FMNH 205197). 
All WA station collections between 4 June and 11 June 1980. 

Description: Shell relatively large, diameter 9.5 to 11 mm, whorls 472 to 5. Coiling 
pattern looser than in W. lissus, palatallip rarely sinuated above. Shell surface microscopi- 
cally smooth except for radially incised growth pauses or repaired breaks to shell, appear- 
ing burnished at high magnification. Umbilicus narrow, slightly covered by reflection of 
columellar lip, internally with a few weak incised spiral lines, lip edge thickened. Radular 
teeth (figs. 6-11) with tricuspid central (fig. 6); usually 11 laterals (fig. 7) with very small 
endocone and prominent interrow support system; transition to marginals occurring in 
'two teeth (fig. 9), with loss of anterior flare, gross narrowing of tooth, loss of endocone, 
size increase of ectocone, and greater elevation of cusp shaft; marginals (figs. 8-10) 
22-25, bicuspid, only slight anterior flare, mesocone narrowing and reduced in 
prominence. Genitalia (figs. 17b, 19) with apical genitalia as in W. lissus (figs. 16b, c). 
Terminal female organs as in W. lissus. Vas deferens (VD) joining epiphallus parallel to 
insertion of epiphallic flagellum (EF), below apex of penial sheath. Epiphallus (E) short, 
attachment of penial retractor muscle (PR) near to head of penial sheath. Epiphallic 
flagellum (EF) and retractor caecum (ERC, fig. 17b) shorter than in W. lissus (fig. 16a). Penis 
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(P, fig. 19) partly double walled, internally with vague ridges basally, epiphallus (E) with 
narrow ridges approaching a corrugated pattern. Penis sheath (PS) thin walled, without 
upper collar attachment, extending down to atrium (Y). Mantle collar with two slender 
laps (L), presumably respiratory in function (fig. 17a), contractile in part, capable of 
reaching over more than half shell diameter. Tail with prominent caudal horn (CH), 
gonopore (YO) located behind and slightly below right rhinophore (TV), well behind and 
below right ocular tentacle (TE). Pedal grooves relatively faint, not shown in diagram (fig. 
17a). 

Discussion: Great plasure is taken in dedicating this species to Fred Aslin of Mt. 
Gambier, South Australia, dedicated student of small Australian land snails, and generous 
helper to so many scientists in so many fields over the past decades. His help during trips to 
the Kimberley, Nullabor, Flinders Ranges and Red Centre in search of land snails has been 
invaluable to my work and hence this token recognition. 

All known localities of W. fredaslini are from the scattered exposures of Middle 
Cambrian Tindall Limestone of the Daly River Group found from about 12 km north of 
Katherine south to the Roper River. The occasional island exposures of this generally 
underlying formation harbour a significant local radiation of camaenid land snails (Solem, 
unpublished) and the endemic Gyliotrachela catherina Solem (1981c: 91-92). The mois- 
ture retaining qualities of the limestone and multiplicity of shelter sites that is provided by 
limestone talus enable long term survival, whereas the drier moisture regime and paucity 
of shelter sites in the commonly exposed rocks of this area are unsuitable habitats for land 
snails unless special situations provide moisture retaining conditions. Generally the Tindall 
limestone is exposed as pillars or low ridges in depressions, which improves the moisture 
retention potential of the habitats. 

Both radulae of W. fredaslini showed the greater number of lateral teeth and smaller 
number of marginal teeth than W. lissus, as mentioned above. Late rains in the Katherine 
area had occured shortly before our collecting. The great wear encountered by this 
species when feeding is illustrated in fig. 11, showing anterior, eroded central and lateral 
teeth. The wear does give a good indication of the interrow support system as the meso- 
cone cusp is no longer obscuring the tooth base. 

All specimens of W. fredaslini were collected early in the dry season, whereas most of 
the dissected W. lissus were late dry season examples. No differences were detected that 
could be ascribed to seasonal changes in the genitalia. 

DISCUSSION 

The two species of Westracystis are readily distinguished on the basis of genital anat- 
omy, although the shell differences — size and contours — are more subtle and overlap to 
some extent. At present the absence of any significant collecting effort between the 
Western Australia-Northern Territory border and Darwin prevent estimating the eastern 
range limit of Westracystis lissus (E. A. Smith, 1894), and the total lack of collecting east of 
Darwin and north of Katherine, make statements about actual ranges for W. fredaslini or 
possible eastern relatives subject to future resolution. 

Since both species will be locally abundant (figs. 12, 13), they would be quite suitable for 
life history investigations. The hypothesized two year growth cycle for N. lissus needs to be 
investigated and then compared with the four year cycle demonstrated for Kimberley 
camaenids (Solem, 19813). 
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APPENDIX 
List of anatomical abbreviations 

CH, caudal horn; DG prostate; E, epiphallus; EF, epiphallic flagellum; ERC, epiphallic 
retractor caecum; G, ovotestis; GD, hermaphroditic duct; GG, albumen gland; GT, talon; 
L, shell lap; P, penis; PR, penial retractor muscle; PS, penis sheath; S, sepermatheca; TE, 
ocular tentacle; TV, rhinophore; UT, uterus; UV, free oviduct; V, vagina; VD, vas defer- 

ens; X, carrefour; Y, atrium; YO, gonopore. 
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FIGURES 1-6: Radular structures 
1-5 Westracystis lissus (Smith, 1894): 1, 2, 5 Sta. WA-238, Point Spring, Weaber Ranges, . 

north of Kununurra, Western Australia, FMNH 200579, 1 — central and lateral teeth at 
X413, 2 — marginal teeth at X406, 5 — low angle view of outermost marginal teeth at 
X772; 3-4 Sta. WA-316, Mt. Hart Homestead, King Leopold Range, north-east of Derby, 
FMNH 200513, 3 — low angle view of latero-marginal transition at X687, 4 — tricuspid 

central and asymmetrically tricuspid laterals at X675. 
6 Westracystis fredaslini, n. sp.: Sta. WA-688, mouth of Cutta Cutta Cave, south of 

Katherine, Northern Territory, FMNH 205210, central and early lateral teeth at X730. 
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FIGURES 7-11: Radular structures of Westracystis fredaslini, n. ett Sta. WA-688, mouth of 

Cutta Cutta Cave, south of Katherine, Northern Territory, FMNH 205210, paratopotype: 
7 — central and lateral teeth at X200, 8 — marginal teeth at X347, 9 — latero-marginal 
transition at X713, 10 — low angle view of marginal teeth at X1, 373, 11 — worn anterior 
central and lateral teeth at X661. 
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FIGURES 12-13: Clusters of living Westracystis lissus (Smith, 1894) in aestivation: 12— Sta. 
WA-202, Mitchell Plateau, FMNH 200377, 13 — Sta. WA-203, Mitchell Plateau, FMNH 
200090. Both collected in late October 1976. 
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FIGURE 14: Shells of Westracystis lissus (Smith, 1894): a-c, Sta. WA-238, slope northwest of 
Point Spring, Weaber Ranges, north of Kununurra, Western Australia. FMNH 200580. 
Collected 14 November 1976; d-f, Sta. WA-221, “drop-off” camp area, Port Warrender 
Road, Mitchell Plateau, Western Australia. WAM 520.80. Collected 30 October 1976. 

Scale line equals 5 mm. Drawings by Elizabeth A. Liebman. 
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FIGURE 15: Shell of Westracystis fredaslini n. sp. Sta. WA-688, near mouth of Cutta Cutta 
Cave, 16 Mile Cave Reserve, south of Katherine, Northern Territory. WAM 519.80. 4 
June 1980. Holotype. Scale line equals 5 mm. Drawings by Elizabeth A. Liebman. 
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FIGURE 16: Westracystis lissus (Smith, 1894). Sta. WA-238, slope north-west of Point 
Spring, Weaber Ranges, north of Kununurra, Western Australia. FMNH 200579. 14 
November 1979: a, genitalia; b, detail of talon-carrefour region; c, ovotestis. Scale line 
for a equals 5 mm. Drawings by Elizabeth A. Liebman. 
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FIGURE 17: Westracystis fredaslini n. sp. Sta. WA-688, near mouth of Cutta Cutta Cave, 16 
Mile Cave Reserve, south of Katherine, Northern Territory. FMNH 205210. 4 June 1980: 
a, exterior of preserved animal; b, terminal genitalia. Scale line equals 5 mm. Drawings 
by Elizabeth A. Liebman. 
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FIGURE 18: Westracystis lissus (Smith, 1894). Sta. WA-238, slope north-west of Point 

Spring, Weaber Ranges, north of Kununurra, Western Australia. FMNH 200579. 14 
November 1976: interior of penis complex. Scale line equals 2 mm. Drawing by Eliza- 
beth A. Liebman. 
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FIGURE 19: Westracystis fredaslini n. sp. Sta. WA-688, near mouth of Cutta Cutta Cave, 16 
Mile Cave Reserve, south of Katherine, Northern Territory. FMNH 205210. 4 June 1980: 
interior of penis complex. Scale line equals 2 mm. Drawing by Elizabeth A. Liebman. 
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A supplement to 
Australian Recent Turritellidae (Gastropoda: Mollusca) 

T.A. Garrard 
Associate, Australia Museum, Sydney 

ABSTRACT 

Additional information on eight species of Recent Australian Turritellidae is 
given, and four new species are described and named, two of these being 
species of Colpospira (Acutospira), one a species of Colpospira (Platycolpus), 
and one new species of Glyptozaria. 

INTRODUCTION 

Since publication of my "Revision of Australian Recent and Tertiary Turritellidae" 
(Garrard, 1972), extensive additional material has become available. Of the four new 
species obtained, three are from very deep water in Queensland and one from Western 
Australia. 

Detailed general information regarding the family is not being repeated, this paper 
being merely a supplement to the earlier publication cited above. 

Material. All the material referred to in this publication is housed in the Australian 
Museum, Sydney (A.M.S.), unless otherwise indicated. 

SYSTEMATIC SECTION 
Genus Colpospira Donald, 1900 

Subgenus Colpospira s.s. 

Colpospira (Colpospira) deliciosa (Watson, 1881) 
1881 Turritella deliciosa Watson, Jour. Linn. Soc. Lond., Zool., 15:226. 
1886 Turritella deliciosa Watson, Rep. Sci. Res. Challenger, Zool., 25:471, pl. 29, fig. 3. 
1972 Colpospira (Colpospira) deliciosa. Garrard, J. Malac. Soc. Aust., 2(3): 283, pl. 26, fig. 8. 

One specimen only of this species has been found in 348-357 metres 40 km. E. of Lady 
Musgrave Is., Queensland (A.M.S. Reg'd. No. C125781), measuring 7.2 mm x 2.7 mm. One 
feature serving to identify this species, not mentioned by Watson, is that the two broad, 
rounded cords towards the top and base of each whorl tend to bifurcate to a small extent 
as the teleoconch reaches maturity. This is more evident in the Queensland specimen 
mentioned above than in the holotype, which is not quite mature, but this could of course 
prove later to be a variable feature. 
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Colpospira (Colpospira) indigena Garrard, 1972 

1972 Colpospira (Colpospira) indigena Garrard, J. malac. Soc. Aust., 2(3): 283, pl. 26, 

fig. 11. 

A large number of specimens of this species has been obtained from the following 

localities: 73 metres off south end of Fraser Island, Queensland (1 specimen), A.M.§. 

Reg’d No. C. 125782; 69 metres, 3.2 km. N.E. of Gillett Cay, Swain Reefs (over 10) 

specimens), A.M.S. Reg'd. No. C.125783; 64 metres N.E. of Yeppoon, Queensland (1 

specimen), A.M.S. Reg'd. No. C.125784. A number of these reveal fine irregular fawn spots 

on the top edge of the cords, which were not apparent in the original 7 specimens, and 
which give the shells a finely speckled appearance. 

Colpospira (Colpospira) curialis Hedley, 1907 
Fig. 1-3 

1907 Turritella curialis Hedley, Rec. Aust. Mus., 6:357, pl. 67, fig. 19. 

1972 Colpospira (Colpospira) curialis. Garrard, J. Malac. Soc. Aust., 2(3): 306, pl. 28, fig. 4-5, 

Samples from the eastern Australian coast contain over 250 specimens of this species, in 

depths ranging from 360 metres down to the globigerine ooze in 1,650 metres, and a great 

variation in sculpture has been found. The range now known extends from the vicinity of 

Lady Musgrave Island, Queensland, to Sydney, N.S.W., with southern Queensland as the 

centre of its range. The available material has been compared with the holotype of 

Colpospira crenulata Donald, 1900, and syntypes of Turritella joanne Hedley, 1923, and 

both prove to be conspecific with Turritella curialis Hedley, 1907. The sculpture is 

extremely variable, the spiral cords numbering one, two or three, some smooth, some 

lightly or strongly nodular; other specimens are devoid of cords, but the base of each 

whorl imbricates over the whorl below; specimens vary from clear and glassy tà 

translucent or opaque white; the operculum is still unknown. 

Colpospira (Colpospira) translucida Garrard, 1972 
1822 Colpospira (Colpospira) translucida Garrard, J. Malac. Soc. Aust., 2(3) 
ig. 16. 

This species was only known previously from the type locality, south-west of Eucla, 
Western Australia, 79-140 metres, and from 64 km. south of Cape Wiles, South Australia, 
183 metres. A further specimen has now come to hand from north of Port Davey, south- 
west Tasmania, in 155 metres (A.M.S. Reg'd. No. C. 125785). 

: 288, pl. 26, 

Subgenus Acutospira Kotaka, 1959 
Colpospira (Acutospira) reefiana sp.nov. 

Fig. 5-6 
Description: Protoconch of two clear, glass-like whorls, smooth, rounded, with 

submerged nucleus. Teleoconch of 10 convex, strongly sculptured whorls, spire straight 
sided. Sutures strongly incised at base of deep narrow canal. Sculpture of two strong sharp 
keels, commencing on first whorl and of equal strength; upper keel one-third of whorl 
depth below upper suture, lower keel at base of whorl; a fine thread commences above 
upper keel and a second thread between keels from about fifth whorl onwards, followed 
by further threads above, between and on top of keels as they broaden with age. Aperture 
roundly quadrate, columella and inner-lip arcuate, outer-lip thin and crenulated by keels, 
base convex with broad open canal adjoining base of columella. Colour pale fawn, cream 
or white, translucent between keels. Operculum not available. 

Type locality. 155 metres, Capricorn Channel, Queensland, (23? 08.6'S., 152? 16.6'E.), 
N.E. of Capricorn Group, in fine sand, mud and dead shell. (H.M.A.S. “Kimbla”). 

Dimensions. Holotype, length 7.6 mm., breadth 2.5 mm. (Largest specimen). 

Location of type. A.M.S., Reg'd. No. C.123850. 

Distribution. Type locality, holotype and 12 paratypes, also 62 metres off Bowen, 
Queensland, fine sand and mud, one paratype, A.M.S. Reg'd. No. C.125786. 
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Remarks. This new species cannot be confused with any existing species in the 
subgenus. C. (A). atkinsoni (Tate and May, 1900) from southern States grows to twice the 
length, and the three heavy prominent keels alone serve to separate it without difficulty. 
Likewise C. (A). smithiana (Donald, 1900), from southern Queensland southwards, has 
four prominent main keels compared with only two in this new species. The other new 
species in the subgenus, C. (A). swainsiana nov, is compared in the remarks following the 
description below. 

Colpospira (Acutospira) swainsiana sp. nov. 
Fig. 4. 

Description: Protoconch of 1% translucent white whorls, depressed, nucleus a little 
submerged. Teleoconch of 11 whorls, first six slightly concave, the rest a little convex, 
spire slightly concave. Sutures sharply incised at base of narrow canal. Sculpture 
commences with a strong prominent keel at top of whorls, inclined to be roughly nodular 
in some specimens; a second keel appears towards base of whorls, usually from fifth whorl 
onwards, increasing in strength until equally prominent with first keel from seventh whorl 
onwards; upper keel descends until both are equally spaced between upper and lower 
sutures — lower keel bifurcates on body-whorl; base of shell flatly convex with up to 
seven fine striae crossed by numerous microscopic growth lines. Aperture sub-quadrate, 
columella thin and vertical, narrow but flared open canal at base of columella, outer-lip 
crenulated by keels, arc orthocline. Colour opaque white, shining. 

Type locality. 284 metres, east of North West Island, Queensland (23? 15.2'S., 152? 
24.1 E.), in globigerine mud, (H.M.A.S. “Kimbla”), a total of 245 specimens. 

Dimensions. Holotype, length 5.5 mm., breadth 1.8 mm. Largest specimen examined, 
length 9.4 mm., breadth 2.9 mm. 

Location of type. A.M.S., Reg'd. NO. C.123854. 

Distribution. In addition to type locality, a further three paratypes off Swain Reefs, 
A.M.S. Reg'd No. C. 125787; a further 280 paratypes off Lady Musgrave Island, 115-365 
metres, in globigerine ooze and silicious sponge, A.M.S. Reg'd. No. C.125788-9.90; 
remaining 244 paratypes from type locality, A.M.S. Reg'd. No. C.125791-2. 

Remarks. This new species has two prominent keels on each whorl similarly to C. (A). 
reefiana nov. above, but one keel only appears at top of the first four whorls, the second 
following below it from the fifth whorl onwards. In addition this smallerspecies is opaque 
white and shining, compared with the pale cream or fawn colour, translucent between 
the keels, in C. (A). reefiana nov., also the lower keel bifurcates on the body-whorl and 
extends round almost to the base of the columella, leaving a distinct narrow flared canal 
between the columella and basal lip of the aperture. 

Subgenus Platycolpus Donald, 1900 
Colpospira (Platycolpus) congelata (A. Adams and Reeve, 1848) 

1848 Turritella congelata A.Adams and Reeve, Voy. Samarang, Zool., p. 47, pl. 12, fig. 2. 
1972 Colpospira (Platycolpus) congelata. Gerrard, J. Malac. Soc. Aust., 2(3): 301, pl. 27, fig. 
13. 

Apart from the only two localities formerly recorded for this species, near Long Island, 
Onslow, and Delambre, Dampier Archipelago, Western Australia, a further five 
specimens have now been obtained from 869 km. north of Gladstone, Queensland, near 
Kelso Reef, in 91 metres (B.M.R. “Espirito Santo"). This possibly points to the existence of 
the species round the whole northern Australian coastline. 

Colpospira (Platycolpus) musgravia sp. nov. 
Fig. 7. 

Description: Protoconch of two convex smooth, white whorls, nucleus slightly 
'submerged. Teleoconch of 17 whorls, flat, spire straight-sided, sutures deeply incised. 
Sculpture commences with one strong spiral striation near base of whorl with two fine 
threads above, and a third thread commencing on fourth whorl; the three spirals become 
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progressively stronger and beaded, with a fine thread between each, whilst the strong 
cord at base becomes even more pronounced, striated with numerous traces of outer-lip 
sinus, and imbricating over the lower suture. Aperture rectangular, columella vertical, 
inner-lip reflecting slightly at base. Base of shell flat, with up to 12 fine spiral striae. Colour 
dull white with regular patches of curved light orange flames conforming to shape of 
outer-lip. Operculum unknown. 

Type locality. 365 metres north-east of Lady Musgrave Island, Queensland (23? 38.8' S., 
152? 45.5'E.), in globigerine mud and silicious sponge. (H.M.A.S. “Kimbla”). 

Dimensions. Holotype, length 17.3mm., breadth 4.9mm. Largest specimen examined, 
length 17.5 mm., breadth 5.4 mm. 

Location of type. A.M.S. Reg'd. No. C.123853. 

Distribution. From North West Island, northern end of Capricorn Group, Queensland, 
south-eastwards to Lady Musgrave Island, Bunker Group. 

Material. Type locality, holotype and three paratypes, A.M.S. Reg'd. No. C.125794; east 
of North West Island, 320 metres in globigerine mud, 27 paratypes, A.M.S. Reg'd. No. 
C.125795, and a further 13 paratypes, Reg'd. No. C.125796; east of Lady Musgrave Island, 
339-348 metres, 16 paratypes, A.M.S. Reg'd, No. C.125797, and 348-357 metres Reg'd. No. 
C.125798. 

Remarks. This species in fair to good condition does not bear much resemblance to any 
other known species in the subgenus. The numerous and regular cords and threads set it 
quite apart from C. (Platycolpus) quadrata (Donald), with its very deep V-notch at sutures, 
and two ridges at top and base of each whorl; C. (Platycolpus) circumligata (Verco) also 
bears no resemblance, with its two very heavy cords at top and base of each whorl, which 
is a rare species from South Australia and Bass Strait. The only other species in the 
subgenus is C. (Platycolpus) congelata (A.Adams and Reeve) from the China Sea and 
Western Australian coast, which also has three main spirals, but shows no sign of the 
strong beading in this new species. The spirals in C. (P.) congelata (A. Adams and Reeve) 
are lightly tipped with yellow-brown, as compared with the patches of curved orange 
flames in this news species. All specimens collected by H.M.A.S. “Kimbla.” 

Genus Haustator Montfort, 1810 
Subgenus Kurosioia Ida, 1952 

Haustator (Kurosioia) leeuwinensis Garrard, 1972 
1972 Haustator (Kurosioia) leeuwinensis Garrard, J. Malac. Soc. Aust., 2(3): 319, pl. 29, fig.6. 

Apart from the 24 specimens recorded in 1972 from five localities, all in Western 
Australia, new localities now recorded are: 94 metres off North West Cape, W.A. (12 
specimens); 91-110 metres off Point Cloates, W.A. (1 specimen); 225 km. north of Cape 
Leveque, W.A., 124 metres (1 specimen); Sahul Banks, Timor Sea, N.W. Australia, 27 
metres (11 specimens). 

Subfamily Turritellopsinae Marwick, 1957 
Genus Glyptozaria Iredale, 1924 
Glyptozaria westralia sp. nov. 

Fig. 8 
Description. Protoconch relatively large, of 1% whorls, large but partly submerged 

nucleus. Teleoconch of seven whorls, roundly convex, deeply indented at sutures, spire 
straight sided. Sutures impressed at base of deep narrow canal, a few of the axial riblets 
overlapping a little onto adjoining whorls. Sculpture — A spiral cord commences 
imperceptibly in centre of first whorl, accompanied by a second cord on third whorl 
between it and the lower suture; a third weak spiral becomes visible about fourth or fifth 
whorl above the central cord, all three becoming of equal strength on body-whorl; all 
whorls are crossed by fine but prominent axial ribs, about 40 on body-whorl, slightly 
curved in line with outer-lip sinus, and forming fine nodules at intersections with cords. 
Aperture elliptical, columella and inner-lip arcuate, outer lip crenulated by cords, aslight 
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open canal flaring outwards near junction with columella. Base of shell slightly convex, 
With a narrow canal at perimeter and a second in centre, crossed by continuation of the 
fine axial riblets, curved left before reaching base of columella. Colour translucent white. 
Operculum not known. 

Type locality. 158 metres east of Hood Point, Western Australia (121? 31' E., 34? 32' S.) 
Н.М.А.5. “Gascoyne” 1962. 

Dimensions. Holotype, length 4.1 mm., breadth 1.1 mm. Paratype length 3.7 mm., 
breadth 1.0 mm. (6 whorls). 

Location of type. A.M.S. Reg'd. No. C.123852. Paratype A.M.S. Reg'd. No. C.125800. 

Distribution. Type locality only. 

Material. Holotype and one paratype only as above. 

Discussion. Compared with Glyptozaria opulenta (Hedley, 1907), this new species has 
far finer and more densely packed axial riblets, four closely spaced and much finer spirals 
Compared with the two prominent main spirals in Glyptozaria opulenta (Hedley), and it is 
only two-thirds the width of that species in an equal length. The two sub-central cords of 
Glyptozaria columnaria Cotton and Woods, 1935, likewise are far more prominent than 
the four very thin cords in this new species, and the whorls are nearly twice as wide as they 
are high, compared with the little difference in height in relation to the width of the 
whorls in the new species. 

Glyptozaria opulenta (Hedley, 1907) 
1907 Glyptozaria opulenta Hedley, Rec. Aust. Mus., 6:292, pl. 54, fig. 9. 

1972 Glyptozaria opulenta. Garrard, J. Malac. Soc. Aust., 2(3): 332, pl. 29, fig. 15. 
The distribution pattern of this species has been extended much further north by the 

acquisition of specimens from the following localities: 

Albany Passage, Torres Strait, 7-25 metres, 1 specimen. N.E. of Yeppoon, Queensland, 64 
metres, 1 specimen, (m.v. “San Pedro Strait"). 
East of North West Island, Queensland, 320 metres in globigerine mud, 1 specimen 
(H.M.A.S. “Kimbla”). 

NOTE: The genus Glyptozaria has since been transferred to the family Cerithiidae. Re- 
ference is: HOUBRICK, R.S., 1981, Proc. Biol. Soc. Wash., 94(3): 838-849/ 

Genus Kimberia Cotton and Woods, 1935 
Kimberia kimberi (Verco, 1908) 

1908 Turritella kimberi Verco, Trans. R. Soc. S. Aust., 32:342, pl. 15, figs. 14, 15. 
1972 Kimberia kimberi. Garrard, J. Malac. Soc. Aust., 2(3): 335, pl. 30, fig. 1. 

This species is now shown to have a greatly extended range, by the acquisition of one 
Specimen in 9-15 metres off Murray Island, Torres Strait, and one further specimen in 115 

metres north-east of North Reef, Queensland (H.M.A.S. “Kimbla”). 
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1. Colpospira (Colpospira) curialis (Hedley, 1923). East of Lady Elliott Island, Queensland, 
476-531 metres, grey ooze/sand. 5.8 mm. x 1.5 mm. 2. Colpospira (Colpospira) curialis 
(Hedley, 1923). Locality as above. 6 mm. x 1.7 mm. 3. Colpospira (Colpospira) curialis 
(Hedley, 1923). Off Sydney, N.S.W., 384 metres, sandy mud/fine shell. 7.4 mm. x 2.4 mm. 
4. Colpospira (Acutospira) swainsiana nov. 284 metres E. of North West Island, 
Queensland. Holotype, 5.5 mm. x 1.8 mm. 5. Colpospira (Acutospira) reefiana nov. 155 
metres Capricorn Channel, Queensland, N.E. of Capricorn Group. Holotype, 7.6 mm x 2.5 
mm. 6. Colpospira (Acutospira) reefiana nov. (Showing complete basal lip). 7. Colpospira 
(Platycolpus) musgravia nov. 365 metres N.E. of Lady Musgrave Island, Queensland. 
Holotype, 17.3 mm. x 4.9 mm. 8. Glyptozaria westralia nov. 158 metres E. of Hood Point, 
Western Australia. Holotype, 4.1 mm x 1.1 mm. 
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A new genus and species of Buccinidae (Mollusca: 
Gastropoda) from the Continental Slope of eastern and 

southern Australia 

By W.F. Ponder, 
The Australian Museum, Sydney 

ABSTRACT 

A new genus and species, Kapala kengrahami, are introduced for a peculiar 
buccinid from deep-water off the New South Wales coast and the Great 
Australian Bight. The gross anatomy as well as the shell, radular and opercular 
features are described. 

INTRODUCTION 

Trawling operations by the New South Wales State Fisheries vessel FRV Kapala have 
obtained an excellent collection of molluscs from the continental slope of N.S.W. 
Amongst these were several shells of a peculiar buccinid which was obviously a new 
species but it was decided to delay description until preserved material was obtained. 
Specimens collected by the Danish research vessel Galathea in the Great Australian Bight 
were recognized as this new species by Dr. Anders Warén and forwarded from 
Copenhagen. These specimens are preserved in alcohol and, although their preservation 
is. not excellent it is more than sufficient to determine the basic anatomy of this species. 

TAXONOMY 

Genus Kapala gen. nov. 

Type species: Kapala kengrahami sp. nov. 

Shell pagodiform to broadly fusiform, with broadly channelled or strongly shouldered 
whorls, fine spiral sculpture and weak axial ribs on early whorls. Anterior canal short, 
curved, weakly-notched or simple; fasciole very weak; inner lip a thin glaze, out lip thin. 
Protoconch dome-shaped, of about 3 whorls, nucleus minute. Radula with central teeth 
weak, broad, with 1 or 3-4 small cusps; lateral teeth with massive outer cusp, short inner 
cusp and 3-4 small, intermediate cusps. Operculum oval, nucleus at blunt apex. Penis 
large, with long, slender (retractile?) distal filament. Salivary gland ducts embedded in 
anterior oesophageal wall within probosis. 

Remarks. The type species of the new genus differs from other buccinids in having the 
following combination of characters:— a multispiral protoconch, a short, twisted siphonal 
canal and a long, (rectractile?) penial appendage. It appears to be allied to the Penion- 
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Buccinulum-Neptunea stock in having the salivary ducts embedded in the wall of the anterior 
oesophagus and in having a terminal nucleus on the operculum. One genus to which it 
may berelated is Antarctoneptunea Dell, 1972 but the type species of that genus, Fusitriton 
aurora Hedley, 1916, has only weakly convex whorls with normal sutures, and, although 
the protoconch is multispiral, it is relatively very large. Cavineptunea. Powell, 1951, 
another monotypic Antarctic genus based on C. monstrosa Powell, 1951, appears to differ 
from A. aurora in only its protoconch characters, the radular features being essentially 
similar (Powell, 1951, fig. K, 68; Dell, 1972, fig. 6). The protoconch of Cavineptunea consists 
of a tall, spirally wound collar surrounding a deep apical cavity, the nucleus small and 
central. The teleoconch characters in the two species are very similar. The shell of Kapala 
differs from both these "genera" in having a relatively much smaller protoconch, deeply 
impressed sutures which are usually channelled and distinct axial sculpture on the upper 
whorls of the teleoconch. The radula has non-thickened central teeth with very reduced 
cusps and the lateral teeth have a massive outer cusp and short inner cusp with 3-4 small 
cusps between. Antarctoneptunea aurora and C. monstrosa both have a relatively 
narrower, squarer central tooth with prominent cusps and the inner cusp of the lateral 
teeth is about half the length of the outer cusp. There is one long intermediate cusp in A. 
aurora and 1-2 small cusps in C. monstrosa. 

Chlanificula Powell, 1958, another monotypic Antarctic genus, resembles Kapala more 
closely in teleoconch features than any other genus but differs in having stronger spiral 
sculpture and a more strongly twisted canal. It resembles Kapala in having a broadly ovate 
shell, a short canal with a weak fasciole and (narrowly) channelled sutures. Unfortunately 
this genus was described on a single empty shell which did not have an intact protoconch. 
Until the radular and protoconch features of Chlanificula thielei Powell, 1958 are 
determined its relationship with Kapala must remain in doubt. 

Kapala kengrahami sp. nov. Figs 1-9, pl. 1, figs 1-5. 

Shell: (pl. 1, figs 1-5). Large, thin to moderately solid, pagodiform to broadly fusiform, 
with fine spiral lirae and broadly channelled sutures. Protoconch (fig. 3) dome-shaped, of 3 
smooth, convex whorls, first whorl minute. Teleoconch of up to about 8 whorls, with 
rounded shoulders and, in nearly all specimens, a deep, wide subsutural excavation; lower 
half of whorls very lightly concave, base lightly convex. Sculpture of teleoconch of fine, 
close, spiral lirae crossed by close, inconspicuous axial striae and weak to moderate axial 
folds on first 3-4 whorls. Aperture relatively large in small specimens, relatively small in 
large specimens, narrow, produced into a short, broadly open, slightly twisted, weakly 
notched to simple, anterior canal. Inner lip thin, a thin callus on parietal wall; out lip 
thin; simple in all available specimens. Fasciole weak to absent. Periostracum thin, 
yellowish, easily worn off; with short, narrow lamellate processes at points of intersection 
of spiral and axial shell sculpture. 

Length diameter 

Shell dimensions: Holotype: 73.3 mm 48.5 mm 
Paratypes (C100797) 93.0 47.5 

(C 100823) 77.0 45.0 
Paratypes, Zool. Mus. Copenhagen (6) 51.7 30.7 

(6) 42.5 28.5 
(9) 60.0 37.2 

Operculum: (fig. 1) horny, thin, elongately oval with terminal nucleus and prominent 
growth lines. Apical end truncate. 

Radula: (figs 4, 9) central teeth large, thin, with broad base, a small, weak primary cusp; a 
pair of minute secondary cusps in one specimen (fig. 4), and none in the other (fig. 9). 
Lateral teeth heavy, with massive, sharp outer cusp, a short inner cusp and 3-4 small 
intermediate cusps. 

Anatomy: (figs 2, 5-8). Foot (fig. 5, f) relatively small, with well defined propodial groove; 
operculum (fig. 5, op) relatively large, much of under-surface exposed. Head small (figs 2, 
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Plate 1 

Figs 1-5. Kapala kengrahami. Holotype and paratypes 1. Paratype, C.100857. 2. Holotype. 
3. Paratype, C.100797. 4-5. Paratypes, Galathea station 554. 
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5) with well developed eyes at the bases of a pair of short tentacles. Proboscis (fig. 5, pr) 

extruded from all specimens, 3.8 cm in length in largest specimen (total length to base of 
proboscis sac 4.5 cm). Ctenidium (fig. 6, ct) large, brown, with broadly triangular filaments. 
Osphradium (fig. 6, os) dark brown, large, oval, bipectinate. Siphon (figs 5, 6, s) short, 

muscular. Hypobranchial gland not preserved. Proboscis sac large, thin-walled, proboscis 

retractor muscles well developed. Jaws absent, pharynx (fig. 8, ph) short. Odontophore 
(fig. 8, od) and radula relatively small, radular sac wholly contained within odontophore. 

Figures 1-4. 1. Operculum. 2. Penis. 3. Protoconch (holotype). 4. Radular teeth (central and 
right lateral teeth). Figures 1, 2, 4 from Galathea specimens. Scale = 1 mm for all figures 
except fig. 4 (7 0.1 mm). 
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Figures 5-8. 5. Female removed from shell. 6. Left side of the animal to show disposition of 
the pallial structures 7. Alimentary canal from the base of oesophagus to the stomach. 8. 
Lateral view of anterior end of proboscis showing the buccal mass. Scale = 1 mm for all 
figures except fig: 5 ( 10 mm). 

Anterior oesophagus (figs 7, 8 ao) simple, with narrow salivary ducts (fig. 8, sd) embedded 
in its latero-ventral wall. Interior of anterior oesophagus with several low, longitudinal 
ridges. Salivary ducts narrow, entering oesophageal wall at base of proboscis sac (fig. 7). 
Salivary glands (fig. 7, sg) large, loose, in posterior cephalic cavity. Valve of Leiblein (fig. 7, 
vl) rather large, with nerve ring immediately behind. Mid-oesophagus (fig. 7, mo) short, 
rather broad except where it passes through nerve ring. Gland of Leiblein (fig. 7, gl) dark 
brown, elongate, opening anteriorly into oesophagus. Posterior oesophagus (fig. 7, po) 
simple, about same width or slightly narrower than mid-oesophagus in cephalic cavity; 
expands and walls thicken to form muscular, crop-like structure behind cavity. It opens at 
posterior end of rather small, simple stomach. Intestine emerges from anterior end of 
stomach and rectum passes down right side of mantle cavity in usual way. No anal gland 
found. Kidney (fig. 5, ro) very large and interior filled with long lamellae. 

Males (shells 42.5 mm and 51.7 mm in length) have large, parellel-sided penis (fig. 2) 
behind right eye. Penis with long, slender (retractile?), distal papilla. Smaller specimen 
examined internally has narrow ejaculatory duct running from base of penis on right side 
of head to small prostate gland at base of pallial cavity. This opens to a short, swollen, thick- 
walled renal deferens which becomes a long, coiled vas deferens. 

Female (shell 60 mm in length) with moderately well-developed pallial oviduct divided 
into small posterior albumen gland about % length of pallial duct, a larger capsule gland 
and a short, muscular terminal vagina. No ingesting gland observed, probably due to 
immaturity of material. 
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Figure 9. Radular teeth of paratype (Galathea specimen). Scale = 20 um. 

Abbreviations used in figures 5-8. 

ao, anterior oesophagus; bv, blood vessel; ct, ctenidium; dg, digestive gland; f, foot; gl, 

gland of Leiblein; go, glandular pallial oviduct; in, intestine; mo, mid-oesophagus; od, 

odontophore; op, operculum; os, osphradium; ph, pharynx; pm, odontophore 

protractor muscle; pn, proboscis nerve; po, posterior oesophagus; pr, proboscis; rm, 

odontophore retractor muscle; ro, renal organ (kidney); s, siphon; sd, salivary duct; sg, 

salivary gland; st, stomach; vl, valve of Leiblein. 

TYPE MATERIAL 

Holotype: 20 miles E of Kiama, N.S.W., 34?36-45'S, 151?16-13'E, 503 m, 21 Aug. 1975. Mud 

bottom, prawn trawl; F.R.V. kapala stn K75-05-08. AMS*, C.100857.. 

Paratypes: E of Kiama, N.S.W., 34938-46”S, 151°15-13’E, 457-439 m., 30 June 1975. Prawn 

trawl; F.R.V. Kapala stn K75-02-17. 1 shell, AMS, C.100797. Off Broken Bay, N.S.W., 33°25- 
30'S, 153°03-07’E, 640 m, 19 Aug. 1975. Mud bottom, otter trawl; F.R.V. Kapala stn K75-05- 
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04. 1 shell, AMS, C.100823. Off Port Stephens, N.S.W., 32°50-52’S, 152?42-41'E., 550 m, 6 
Dec. 1978. F.R.V. Kapala stn K78-26-11. 1 shell, AMS, C.120404. Great Australian Bight, 
37°28’S, 138°55’E, 1330 m, 5 Dec. 1951. Gobigerina ooze; Galathea (1950-52 Exped.) stn 554. 
6 specimens, Zoological Museum, Copenhagen. : 

Other material examined. Off Nowra, N.S.W., 448 m, 1 shell. H. Ford colln. E. of Brush 
Island, N.S.W., 35932-35”S, 150946-44”E, 503 m, 22 Nov. 1977. F.R.V. Kapala stn K.77-21-05; 1 
broken shell, AMS, C110720. Off Wollongong, N.S.W., 34°22-19’S, 151°23-25’E, 439 m, 4 
Dec. 1978. F.R.V. Kapala stn K.78-27-16. 1 internal mould of a juvenile, AMS. 

Remarks. The new species cannot be confused with any other in the Australasian area. It 
most nearly resembles Chlanificula thielei Powell, 1958 from the Antarctic as discussed 
above. 

This species is named for Mr. Ken Graham of N.S.W. State Fisheries who has been 
responsible for collecting most of the specimens. 

* Footnote: AMS — The Australian Museum, Sydney. 
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ERRATUM 

Three errors in the 1981 issue should be corrected: 

In the paper by Kershaw Figures 1 and 4 were transposed (pages 25 and 26). 

In the paper by Wells and Threlfall the last line of the legend for Figure 2 (page 107) was not 

printed. The omitted material should read: 9, Wilson Inlet; 10, Princess Royal Harbour; 11, 

Oyster Harbour; 12, Beaufort Inlet. 

Figure 12 (page 59) in the paper by Ponder et. al was printed too small. An enlarged version 

appears below: 
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Figure 12. Distribution of the Recent species of Hemidonax. H. pictus Ə, Н. chapmani €, H. 
donaciformis australiensis O, H. arafurensis m, 
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ABSTRACT 

Examination of the type material and anatomical features of several Australian and 
New Zealand species of the subgenus Siphonaria, previously considered distinct, 
indicates they are morphological forms of inadequately described species. 

The synonomy and redescription of the external morphology, shell, reproductive 
system, spermatophore, radula and geographical variation of S. zelandica Quoy and 
Gaimard, 1833 and S. australis Quoy and Gaimard, 1833 is presented. A new name for 
S. cookiana Suter, 1909, necessary because the type series contains more than one 
species, is introduced with shell and anatomical descriptions. Comparisons are 
made with sympatric cogeners. Shell and radular characters, originally used to 
describe species, are shown to be widely variable and considerably less useful than 
reproductive system features for species differentiation. 

INTRODUCTION 

While preparing a revision of the Siphonariidae it has become apparent that the 
identities of several Australian and New Zealand species of the subgenus Siphonaria Dall, 
1870 are totally confused in the literature. Confusion between these species is due to 
inadequate original descriptions based on insufficient material and subsequent lack of 
referral back to the type material by later workers. To clarify the identities of these species, 
an examination of type specimens and redescription of reproductive systems, shell 
morphology and radulae with a subsequent comparison with sympatric cogeners is 
presented. 

Three species of the subgenus Siphonaria, S. zelandica, S. australis and S. cookiana, are 
generally recognized from New Zealand (Morton and Miller, 1968; Powell, 1979). 

Quoy and Gaimard (1833) described S. zelandica and S. australis from New Zealand. S. 
australis was described, from only two specimens found, as occurring on the roots of an 
intertidal algae (presumably Durvillea holdfasts) in Cook Strait. The type locality of 5. 
zelandica was generalized to New Zealand with the comment that Quoy and Gaimard 
believed it also occurred in Australia. Without reference to the type material, recent 
workers (Suter, 1913; Hubendick, 1946, 1955; Borland, 1950; Morton and Miller, 1968; 
Powell, 1979) have used these two names to separate high and low tidal forms of what is 
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shown in this paper to be one variable species. On examination of the types it appears that 
the stated type locality of S. zelandica is in fact incorrect. The syntypes are of a species 
commonly found in southern Australia but absent from New Zealand. 

The third species, S. cookiana Suter, 1909, is also in taxonomic confusion. The species 
referred to by New Zealand workers as S. cookiana is indeed a distinct species but 
unfortunately Suter's type series contains more than one species. Subsequent designation 
of lectotype material (Boreham, 1959) has further confused the situation because the 
specimen she chose as the lectotype is in fact a juvenile of what is here considered S. 
australis, and so $ cookiana becomes a synonym of that name. The other six specimens of 
Suter's type series of S. cookiana are actually distinct from S. zelandica and S. australis and 
require a new species name. 

S. inculta Gould, 1846 and S. cancer Reeve, 1856 are other names published for species of 
Siphonaria from New Zealand and, in this paper will be shown to be synonyms of S. 
australis. 

MATERIALS AND METHODS 

All of the material examined, except where noted, is in the collections of the Australian 
Museum (A.M.). 

Anatomical features 

The buccal mass, reproductive system and spermatophore were dissected from several 
specimens of each "species" preserved in 5% neutralized formalin. Animals with shells 
closely similar to those of primary type specimens provided anatomical comparisons of 
"species" originally described from only the shell. The radula was removed, by macerating 
the buccal mass in concentrated KOH for 24 hours, thoroughly washed in distilled water 
and stored in 70% alcohol. Radulae and spermatophore were either slide mounted and 
examined through a compound microscope or affixed to a microscope-slide cover slip 
fragment, mounted on a stub, coated with gold and examined under a scanning electron 
microscope (S.E.M.). Several specimens were examined from each sample lot to 
determine variation. 

Definition of shell terminology (fig. 1) 

The apex (a) is the dorsal extremity of the conically shaped shell consisting of a 
protoconch, which is generally broken off in all but very juvenile specimens. The shell lip 
(sl) fringes the ventrally located shell aperture. The curve of the anterior and posterior 
slopes of the apical sides may range from concave to convex. Primary ribs (pr) are apically 
continuous while the intermediate secondary ribs (sr) are narrower and apically 
discontinuous. Rib interstices (i) appear as furrows between ribs. Thesiphonal ribs, located 
on the right of the shell, are primary ribs and dorsally raised over the animals 
pneumostome. The spatula (s) is the interior apical area dorsal to the circularly arranged 
adductor muscle scars. The siphonal groove (sg) passes midway between the right anterior 
(arm) and right posterior (pam) adductor muscle scars. The siphonal angle (d?)is the angle 
from the spatula between the inside edge of the left anterior adductor muscle scar (alm) 
and the siphonal groove. The curve of the cephalic muscle scar (cms), appearing as a thin 
line joining the anterior left and right adductor muscle scars, may range from concave to 
convex. 

Shell characters 

Caliper measurements of shell dimensions (i.e. length, width and height) were recorded 

from varying numbers of specimens throughout each species' distribution. The radial shell 

ribs on a line 1 cm to 1.5 cm in diameter from the shell apex were counted. The siphonal 

angle d? was measured using a protractor. For each shell within samples from several 

geographical areas in the species' distribution, similar rib counts and shell measurements 

were recorded. Single shape dimensions and quotient ratios of length:width, 

width:height and length:height were used as measures of specific and geographical shell 
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variation. Specimens with an extremely eroded apex were not measured. The use of ratios 
in comparisons reduced the bias of sample age and/or locality exposure variation possibly 
existing within single shape variables. Variances of geographical samples were tested for 
homogeneity. Homoscedastic geographical data were subjected to a single classification 
analysis of variance (Sokal and Rohlf, 1969; 214) and where significant geographical 
variation existed a Student-Newman-Keuls test (Sokal and Rohlf, 1969: 240) provided an 
ordering of sample means. Heteroscedastic geographical data were subjected to a 
Kruskal-Wallis test of variance (Sokal and Rohlf, 1969: 288) and where significant 
differences existed a multiple comparison test of means (Sokal and Rohlf, 1969: 396) 
indicated an ordered relationship between samples. Critical values were from tables in 
Rohlf and Sokal (1969). 

TAXONOMY 

Family 
Siphonariidae Gray, 1840 (sic. Siphonariadae). (non Adams, ?; — Suter, 1913) 

Genus 
Siphonaria Sowerby, January 1824 (non Blainville, November, 1824; — Hutton, 1882b) 

Type 
S. sipho Sowerby, January, 1824 (subsequent designation; Gray, MS, April, 1824 (non 1847; 
Powell, 1979: 292)). 

Synonyms 

Planesiphon Iredale, 1940. Type species (subsequent designation; McAlpine, 1952: 42) 
Planesiphon elegans Iredale, 1940. Ductosiphonaria: — McAlpine, 1952: 42. 
Planesiphon: — McAlpine, 1952: 42. 

Subgenus 
Siphonaria Dall, 1870, 31 (non Sowerby, 1824; auct.). 

Synonyms 

Simplisiphonaria Hubendick, 1945: 61 
Siphonaria s. str. Hubendick, 1945: 61 (non Dall, 1870). 
Ductosiphonaria Hubendick, 1945: 61 
Simplisiphonaria: — Hubendick, 1946: 36; 1955: 5. 
Ductosiphonaria: — Hubendick, 1946: 36; 1955: 4. 
Planesiphon: — Hubendick, 1946: 20; 1955: 4. 
Siphonaria s. str: — Hubendick, 1946: 20; 1955: 6 (non Dall, 1870). 

Taxonomic note on synonomy 

According to article 42d of the International Code of Zoological Nomeclature (1.С.2.Ҹ., 
London, 1966) “sectios” erected by Hubendick (1945) have subgeneric status. In addition, 
Hubendick's designation of type specimens for these generic subdivisions are 
unnecessary (article 64a). As shown in this paper many of Hubendick's subgeneric divisive 
criteria are based upon incorrect anatomical studies and misidentified type species. 
Species redescribed herein were placed into three different subgenera (= sectio) by 
Hubendick (1945; 1946); S. cookiana (by monotypy, Simplisiphonaria); S. bifurcata (type) 
and S. baconi (Ductosiphonaria); S. australis, S. zelandica and S. elegans (Siphonaria sensu 
stricto). 

The above listed generic and subgeneric synonomies are incomplete. The genera and 
subgenera of the Siphonariidae will be reviewed in a forthcoming generic revision. 

Siphonaria (S.) zelandica Quoy and Gaimard, 1833 
(pls 1a — h, 2a — h) 
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Siphonaria zelandica Quoy and Gaimard, 1833: 344, pl. 25, figs 17, 18. 
(sic. zealandica: auct.) 

Siphonaria scutellum: — Hutton, 1878: 41 (non Deshayes, 1841). 
Siphonaria zebra Reeve, 1856: species 21 (not 22), pl. 5, fig. 22. 
Siphonaria baconi Reeve, 1856: species 30, pl. 6, figs 30, 30a. 
Siphonaria baconi: — Angas, 1864: 189. 
Siphonaria bifurcata: — Angas, 1867: 232; Hedley, 1918: M95; Iredale, 1924: 276 

(non Reeve, 1856: species 21 (not 22), pl. 5, fig. 22). i 
Siphonaria zebra: — Hedley, 1918: M95; Hubendick, 1955: 4. 
Siphonaria (Ductosiphonaria) bifurcata: — Hubendick, 1945: 22; 1946: 37, pl. 2, figs 9 — 13: 

McAlpine, 1952: 42, fig. 3 (non Reeve, 1856). 
Planesiphon elegans Iredale, 1940: 441, pl. 34, figs 3,4. 
Siphonaria (Ductosiphonaria) baconi: — Hubendick, 1946: 37, pl. 6, figs, 10, 11. 
Ductosiphonaria elegans: — McAlpine, 1952: 42 
Planesiphon elegans: — Hubendick, 1955: 4. 
Siphonaria (Planesiphon) zealandica: — Hubendick, 1955: 4, pl. 1, figs 5 — 8. 

Types 

S. zelandica: (herein designated) Lectotype (tallest syntype, has the clearest external 
sculpture); Paralectotypes (2), Museum National d'Histoire Naturelle, Paris (M.N.H.M.). 

Type Locality 
New Zealand (erroneous; undoubtedly from Australia). 

Description of Lectotype (pl. 1a) 

Shell height less than 1/3 shell length; apex nearly central; apical sides straight to weakly 
convex; exterior uneven and apex eroded; growth ribbing indistinct; approximately 17 
slightly raised, broad and abapically straight white primary ribs; siphonal ribs not 
prominent; 2-3 thin secondary ribs occur between primary ribs; the shallow, white rib 
interstices are flecked with brown; interior smooth; cephalic muscle scar is straight to 
weakly concave; spatula and shallow siphonal groove tan to yellow; shell margin 
thickened and white mottled with brown; shelllip white with irregular brown rays aligned 
under exterior rib interstices. 

Dimensions 

length mm width mm height mm 

Lectotype 20.8 19.0 5.3 (pl. 1a) 

Paralectotypes 21.0 17.9 5.2 

(2) 18.2 15.4 4.3 

original description 20.3 18.0 9.0 

original figure 20.2 18.2 — (dorsal) 

Remarks 

The shell height in the original description is incorrect. 

Additional material examined (preserved (p) and dry (d)) 

Qld.: Keppel Is. (6d); Emu Park, Keppel Bay (2d); S. Keppel Is. (3d); Keppel Bay (1d); 
Bargara (4p); Noosa Hd (15+p); Caloundra (10d): N.S.W.: Bateau Bay, The Entrance (6d); 
Blue Lagoon Bch, S. of Tuggerah Lakes (10d); Toowoon (7d); Kilcare Bch (2p); Ettalong 
Bch, Broken Bay (2d); Syd.; Palm Bch (1d), Long Reef (15+d), Freshwater Bch, Manly (12d), 
Port Jackson (11d), Middle Hd (10d), Clontarff (15+d), Balmoral (7d), Bronte (15+d), 
Maroubra (1d); Sussex Inlet, S. coast (11d); Twofold Bay (1d): Vic.; Mallacoota (13d); 
Balnaring (4d); Cheviot Bay (1d); Western Port (10d); Blowhole, near Flinders (3d); 
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Flinders (15*p); Cape Schank (15*p); Portsea (15*p; 4d); Queenscliffe, Port Phillip (14p); Pt 
Lonsdale (5p): S.A.; Robe (2d); Glenelg Bch (5d); Kangaroo Is.; (7p; 6d), Nepean Bay (2p), 
Red Bank, Nepean Bay (4p), Emu Bay (1p); Normanville (1p; 2d); Marino Rocks, St Vincents 
Gulf (12d); Corny Pt (10d); Tumby Bay (13d); Ceduna (8d); Aldinga (5p); Streaky Bay (15*p; 
15*d); Pt Sinclair (7d); W.A.; Esperance (1d); S. Point, Two Peoples Bay (1d); Middleton 
Beach, King George Sound (2d); Margaret River (15*d); S. of Cowaramup (9d); S. 
Cowaramup (3d); Wyadup (1p); Canal Rocks, near Yallingup (4p); Kilcarnup (1d); 
Dunsborough (2p); Geographe Bay (8d); Garden Is. (15*d); Pt Peron (10p; 3d); Rottnest Is.; 
Thomson Bay (7p; 2d), Radar Reef (15*p), Strickland Bay (4p); Fremantle (13d); Port 
Denison, Dongara (1d); Abrolhos Ids (3p; 1d); Horrocks Bch, N. of Geraldton (15*p); Pt 
Cloates (3d); Dirk Hartog Is. (1d); Quoin Bluff, Dirk Hartog Is. (1d); Denham (6d); Monkey 
Mia, E. side of Peron Peninsula (2d); Pt Quobba (5p; 1d); Coral Bay, S. of Exmouth Gulf 
ОВА Cape (3p); Broome; (8d), Cable Bch (4d), Gantheaume Bay (1d): total (206*p; 
363+d). 

DISTRIBUTION 

S. zelandica is restricted to a southern distribution around the eastern, southern and 
north-western coasts of Australia (fig. 2). Its northern limits on the eastern and north- 
western coasts appear to be Keppel Bay, Qld. (23?25'S, 150°55’E), and Broome, W.A. 
(17°58’S, 122°14’E) respectively. No records of this species are known from Tasmania. S. 
zelandica commonly occurs on exposed rocky intertidal shores between the mid and 
supralittoral zones, often on horizontal rock facings, in shallow pools or around regularly 
saturated algal mats. 

DESCRIPTION 

External morphology (live specimens) 

The sole of the foot and visceral mass of the animal area pale green-grey. The side of the 
foot mantle and head region are cream with a lighter fringe on the foot edge. Under the 
right-hand side mantle edge a broad, translucent, white fold covers the posteriorly offset 
pneumostome. The mantle is broad fringed by a thick edge with a continuous white 
subepithelial band. Yellow subepithelial mucous cells are uniformly dispersed over the 
external tissues (except on the sole of the foot) becoming more vivid and densely 
concentrated around the pneumostomal fold and cephalic lobes. Both the head and the 
right anteriorly opening genital pore are inconspicuous. Two small black subepithelial eye 
spots are centrally located on two cream, thick cephalic lobes. These lobes touch and 
extend over the mouth region. The side of the foot often appears swollen. The internal 
cutical covering the visceral mass is shaded black apart from an area covering the mantle 
cavity. 

Shell (figs 1A, B, C; pls 1, 2) 
length mm X = 15.1, s = 2.6, n = 180 
width mm X = 12.2, s = 2.7, n = 180 
height mm X = 4.2, s = 0.9, n = 180 

The shell is asymetrical and thin with slightly raised and usually broad primary radial 
ribbing. The exterior is often eroded or overgrown with Lithothamion or other 
microphytic algae. The apex is offset to the left and posterior, the height of which is usually 
less than a third of the shell length. Slightly raised, mainly broad, apically continuous, 
white primary ribs (prim. ribs/shell x = 17.6, s = 2.5, n= 180) radiate from the apex with black 
to light brown interstices finely striated with four to six apically discontinuous secondary 
ribs. Growth striae are fine to inconspicious. The apical sides of the shell are straight to 
concave. The outer lip is uneven, often broken, and finely scalloped with primary ribs 
extending past the outer lip. From the exterior the siphonal groove is indistinct. The 
pnuemostomal margin of the shell is slightly raised and the outer edge extends weakly out 
to the right side. The interior is smooth with brown to white spatula and a slightly swollen 
margin. Brown apical rays are often presented extending from the spatula to the slightly 
swollen lip margin corresponding with exterior rib interstices. The siphonal groove (fig. 
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Fig. 2. Schematic representation of shell terminology. a — apex, alm — left adductor 
muscle scar, arm — right adductor muscle scar, cms —cephalic muscle scar, i — rib 
interstices, pam — posterior adductor muscle scar, pr — primary ribs, s — spatula, sl — 
shell lip, sm — shell margin, sr — secondary ribs, sg — siphonal groove, O? — siphonal 
angle. 
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Fig. 3. Reproductive systems and spermatophore of S.zelandica. a) Streaky Bay, S. A. 
(pl.2d), dorsal view; b) Shelly Beach, rock platform, Caloundra, Qld. (pl.2a), dorsal view; c) 
Radar Reef, Rottnest Is., W. A. (pl.1e), ventral view; d) spermatophore, Shelly Beach, 
Caloundra, Qld. (pl.2a); e) longitudinal section of epiphallus duct and genital atrium, 
Portsea, Vic. 
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1C; sg) is shallow, smooth, of a similar colouration to the spatula and at an angle of 75? (d) 
to the right anterior adductor muscle scar. The cephalic muscle scar (fig. 1C, cms) is shallow 
and weakly concave to straight. The adductor muscle scars are similarly shallow and may 
be a darker or lighter brown than the spatula. Juvenile shells, usually distinguished by size, 
generally have similar ribbing with a paler interior and exterior than adult specimens. 

Reproductive system (figs 3a, b, c) 

The yellow, granular ovotestis (hermaphrodite gland; ot) fills the posterior region of the 
coelom. Closely joined to the ovotestis via thin branching ducts is the thick, lobed and 
coiled, brown coated, yellow hermaphrodite duct (hd). The pinkish yellow, bulbous 
seminal vesicle (sv) is joined by a very thin translucent duct to the junction of the 
hermaphrodite duct and white spermoviduct (sd). The large, white, folded posterior 
mucous gland (pm) and albumen gland (ag) complex, are anterior to the ovotestis and 
envelope the seminal vesicle. A white, folded anterior mucous gland (am) surrounds the 
anterior portion of the spermoviduct with decreasing thickness from the hermaphrodite 
duct to the anterior adductor muscle. A narrow, elongated, flat, white prostate gland 
extends along the right dorsal surface of this spermoviduct. The thick, muscular, cream 
epiphallus duct (ed) and lobed, cream coloured gland (eg) are situated between the 
anterior adductor muscle and the buccal mass. The duct is wide and often twisted. The 
gland is longer than the duct, flattened and partially split by a central fold. A short “spur” 
like flagellum (f) occurs as an extension of the duct junction with the gland. The muscular 
genital atrium appears as a swollen extension of the epiphallus duct (ed) with a small 
weakly protruding accessory atrium. The genital pore (gp) opens exteriorly through the 
foot wall under the mantle between the right-hand side cephalic fold and pneumostomal 
lobe. The brown, spherical bursa copulatrix (bc) enters the genital atrium (ga) through a 
long, thin, white bursal duct (bd) more towards the genital pore than the spermoviduct 
opening. The juxaposed bursal and spermoviducts (bd ventral to the sd) respectively enter 
the genital atrium and accessory atrium with the spermoviduct passing through epiphallus 
duct tissue to enter higher and separate to the bursal duct (fig. 3c). Both ducts passthrough 
the right-hand side of the anterior adductor muscle before entering the genital atrium. 
The white lumen (l) of this atrium and of the accessory atrium is muscular with large 
longitudinal internal tissue folds. The bursa cuticle, when holding a spermatophore, 
stretches taking the spermatophore's shape (fig. 3b). After the spermatophore has been 
discharged the bursa diminishes in size and the cuticle, appearing deflated and withered, 
hardens around a small amount of brown reproductive waste products (fig. 3a, c). The 
reproductive systems of S. zelandica figured in McAlpine (1952: 43, fig. 3 “bifurcata”) and 
Hubendick (1955: 10) are schematic, not detailing glands or duct openings. 

Spermatophore (fig. 3d) 

The spermatophore is “droplet” shaped with a bulbous head. The short, thick, pointed, 
pink spermatophore tail extends into the top sections of the spermathecal duct. The tail is 
less than a quarter of the total spermatophore length. A thin, transparent test surrounds 
the spermatophore. Within the test of the tail a broad, white core is centrally aligned and 
longitudinally compressed along the length of the tail. The core colour changes to pink 
where it extends for a short distance into the head along one side between the test and the 
yellow head matrix. For an animal 17.5 mm in length the spermatophore was 4 mm long 
and 2 mm wide. 

Radula (pl. 6a, b, c) 

Wide intraspecific variation exists in the number of transverse rows and the number of 
inner, mid and outer lateral teeth in longitudinal rows. The mean dentition formulae is 
28:1:28 (s = 3.8, n =7) with 122 parallel and slightly curved (anteriorly convex) transverse 
rows (5 = 6.5, n =8). Of the 28 half row laterals, 10 (s = 2.4) and inner, 2 (s 0.8) mid and 16 (5 = 
1.5) outer teeth means respectively (n = 8). In each longitudinal row a gradual reduction in 
tooth size and an increase in distance between transverse rows occurs from the central 
tooth to the outer laterals. All teeth are bluntly concave posteriorly. The central tooth has a 
lower profile than the flanking laterals and a short pointed mesocone less than half the 
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base length. The anterior is forked and wider than the notched posterior. The narrow base 
interlocks and articulates with the adjacent central teeth. Lateral teeth have broad bases. 
The mesocone of the inner laterals is either pointed or bicuspidate. The inner cusp is 
always longer and usually overlapping the posterior of the inner lateral in front. Ecto and 
endocones are absent. The mid laterals have an ectocone and a bluntly bicuspidate 
mesocone with the inner cusp being the longer. Outer laterals have a square shaped base 
with a broad blunt mesocone flanked by short pointed ecto and endocones. The clefts 
between the mesocones and the side denticles of the outer laterals are widely variable in 
width and angle of separation. Around the third or fourth outer longitudinal row, often 
aberrant outer lateral teeth appear as fused teeth with double mesocones. 

Geographical variation 

Apart from slight variations between individuals, no geographical variation was evident 
in size, shape and pigmentation of reproductive organs or external morphology of 
specimens from different regions. 

Differences in shell morphology were found to occur between the 9 population samples 
(table 1a). Apart from the length : width ratio, differences between samples in shell length, 
width (p < 0.001), height, length : height ratio and number or ribs (p < 0.002) were all highly 
significant with the shell length : width : height ratio of a lower significance (0.01 > p > 
0.001) (table 2). Comparative ordering of population samples indicated the northern most 
samples from eastern and north-western coasts of Australia (i.e. South of Keppel Bay and 
Broome respectively) were similar in shell morphology. Most heterogeneous partitions 
(0.05 prob. level) occurred between southern Western Australia and western South 
Australia, and eastern South Australia and western Victoria (table 2). A clinal decrease in 
overall shell size is apparent from the northern to south-western populations. The shell 
form of southern populations is generally smaller in length, width and height but 
proportionally similar to other more northern populations. The sample from south- 
eastern Western Australia has significantly fewer primary ribs (p « 0.002) than all other 
population samples which exhibit little intersample variation. Shell colouration of the 
southern form, particularly of the internal surface (pl. 2b-e) is paler than the more 
northern forms which often have broad dark brown radial banding mainly on the lip 
margin (pls 1f-h, 2a, f, g). 

DESCRIPTION OF SYNONYM TYPE MATERIAL 

The type material of other species previously considered distinct, now considered 
synonyms of S. zelandica, are listed below. 

Siphonaria baconi Reeve, 1856: species 30, pl. 6, figs 30a, b. 

Types 

(Herein designated) Lectotype (tallest syntype, has the darkest internal apical rays) 
British Museum (Natural History) (B.M. (N.H.)) 1979164; Paralectotypes (2) B.M. (N.H.) 
1979164. 

Type Locality 
Swan River, Western Australia. 

Description of Lectotype (pl. 1b) 

Shell height less than 1/3 shell length; apical sides weakly convex; apex central and 
eroded; shell thin and conically flat; growth ribbing indistinct; about 17 weakly raised, 
narrow, and abapically straight white primary ribs; siphonal ribs not prominent; 3-6 thin 
secondary ribs occur between primary ribs; rib interstices white and mottled with dark 
brown flecks; interior smooth; cephalic muscle scar straight to weakly concave; spatula 
and shallow siphonal groove yellowish tan; shell margin thickened and cream to white 
with irregular pale brown rays extending and broadening over the white shell lip; 
adductor muscle scar shallow and cream to tan. 
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Dimensions 

length mm width mm height mm 
Lectotype 22.7 18.8 5.3 (pl. 1b) 
Paralectotypes 24.4 20.3 4.9 

23.1 18.7 4.6 (pl. 1c) 
original figure 24.1 19.5 

Siphonaria zebra Reeve, 1856: species 22 (not 21), pl. 5, fig. 21. 

Types 
(Herein designated) Lectotype (longest syntype) B.M. (N.H.) 1979168. Paralectotypes (3) 

B.M. (N.H.) 1979168. 

Type Locality 
Port Jackson on type label; Philippines in Conch. Icon. (incorrect). 

Description of Lectotype (pl. 1e). 

Shell height less than 1⁄4 shell length; apex subcental, eroded; exterior slightly uneven; 
posterior half of shell slightly wider than anterior; growth lines are indistinct; 
approximately 21 broad, weakly raised, and abapically straight white primary ribs; siphonal 
ribs are not prominent; 2-3 thin secondary ribs occur between primary ribs; the shallow rib 
interstices fade adapically from dark brown to white with brown flecks; anterior smooth; 
adductor muscle scars prominent; cephalic muscle scar is weakly concave; spatula is dark 
yellowish tan; shell margin is thickened and similar to the shell lip is white with broad 
brown rays corresponding to exterior rib interstices. 

Dimensions 

length mm width mm height mm 
Lectotype 25.8 21.2 6.1 (pl. 1e) 
Paralectotypes 21.3 17.8 5 3 (pl. 1f) 
(3) 24.4 17.6 8 (pl. 1g) 

18.6 16.5 də (pl. 1h) 

Planesiphon elegans lredale, 1940: 441, pl. 34, figs 3, 4. 

Types 
Holotype A.M. C.103710. Paratypes (11); A.M. C.126707, (6) A.M. C.108528. 

Type Locality 
North Keppel Is. and Emu Park, Keppel Bay, Queensland. 

Description of Holotype (pl. 1d) 

Shell height less than 1/3 shell length; exterior conically flat; apex subcentral and 
eroded; apical sides weakly convex; growth ribbing indistinct; approximately 18 narrow, 
weakly raised and abapically straight white primary ribs; siphonal ribs are not prominent, 
4-6 thin secondary ribs are present between primary ribs; the very shallow rib interstices 
are thin; interior smooth; cephalic muscle scar straight to weakly convex; spatula yellow to 
tan; shell margin white and thickened; shell lip white with brown rays corresponding to 
exterior rib interstices; adductor muscle scars shallow and yellowish tan. 

Dimensions 

length mm width mm height mm 
Holotype 19.5 15.3 5.0 (pl. 1d) 
Paratypes (11) x 17.3 13.9 4.0 
S 4.3 3.8 1.2 

Siphonaria (S.) australis Quoy and Gaimard, 1833 
(pls 3a-e, h, i; 4a-g) 

COME ei — S .— ——  —..... A... m 
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Plate 1. Siphonaria zelandica; a) lectotype (herein designated); b) S.baconi lectotype 
(herein designated) Swan River, W. A.; c) S.baconi paralectotype; d) P.elegans holotype, 
Keppel Bay, Qld.; e) S.zebra lectotype (herein designated) Port Jackson, N.S.W.; g-i) 
S.zebra paralectotypes. 

Siphonaria australis Quoy and Gaimard, 1833: 329, pl. 25, figs 32-34. 

Siphonaria radiata Blainville, 1827: 294 nomen dubium (non Sowerby, 1835:6 non Adams 
and Reeve, 1850: 69, pl. 8, figs 2a, b.) 

Siphonaria costata Hombron and Jacquinot, 1841: 192 nomen nudum (non Sowerby, 1835: 
6). 

Siphonaria inculta Gould, 1846: 153, pl. 30, fig. 464. 

Siphonaria cancer Reeve, 1856: species 7, pl. 2, figs 7a, b. 

P 



Siphonaria 13 

Siphonaria sipho — Reeve, 1856: species 9; Hutton, 1880: 36 (non 
Sowerby, 1824). 

Siphonaria australis: — Hutton, 1878: 42: 1880: 36; 1882a; 1882b: 142, pl. 17, figs E— G; 
Moss, 1908: 41, pl. 9, fig 25; Suter, 1913: 598, pl. 24, 
fig. 6; Bucknill, 1924; 82; Powell, b 

1939: 217; 1946: 91; 1957: 114, 1979: 292, pl. 54, fig. 11; Borland, 1950: 390; Knox, 1955: 
86; Morton and Miller, 1968: 302, pl. 19, figs 7, 7a. 

Siphonaria zelandica: — Hutton, 1878: 41; Suter, 1913: 600, pl. 24, fig. 8 (shell); Iredale, 
1915: 478; Bucknill, 1924: 82, pl. 3, figs 16, 16a; Powell, 1939: 217; 1946: 91; 1957: 114; 
1979: 292, pl. 54, fig. 10; Borland, 1950: 386: Knox, 1955: 86; Morton and Miller, 1968: 
269, 302, pl. 19, figs 8, 8a (non Quoy and Gaimard, 1833). 

Siphonaria inculta: — Hutton, 1878: 7; Suter, 1913; 600. 

Siphonaria cancer: — Hutton, 1880, 36. 
Siphonaria cookiana Suter, 1909: 258 (in part). 
Siphonaria cookiana: — Suter, 1913: 599, pl. 24, figs 7, 7a, 7b; Boreham, 1959: 71 

(lectotype). 

Kerguelenia australis: — Iredale, 1915: 478. 

Siphonaria (Simplisiphonaria) cookiana: Hubendick, 1945: 20, figs 21, 24, 26; 1946: 36, pl. 6, 
figs 20-22 (non Suter, 1909). 

Siphonaria (Siphonaria) australis: — Hubendick, 1946: 49, pl. 3, figs 28 — 31; 1955: 7 (in 
part). 

Types 
S. australis: (herein designated) Lectotype (larger syntype); Paralectotype (1), M.N.H.N. 

Type Locality 
Cook Strait, New Zealand. 

Description of Lectotype (p1. 3a) 

Shell height less than 1/3 shell length; apex posteriorly offset to the left; exterior uneven 
and tan; approximately 30 evenly spaced, pale brown radial ribs; concentric growth lines 
fairly distinct; apical sides strongly convex; siphonal ribs raised but not prominent; 
interior glossy; spatula and shell siphonal groove tan and mottled with brown; adductor 
muscle scars pale brown; cephalic muscle scar weakly convex; shell margin smooth and 
tan; shell lip tan with white rays corresponding to exterior ribbing. 

Dimensions 

length mm width mm height mm 
Lectotype 16.2 11.3 5.1 (pl. 3a) 
Paralectotype 12.5 8.9 4.3 
original description 15.8 11.3 6.8 

Additional material examined (preserved (p) and dry (d)) 

New Zealand; (6d); North 1s., E. Coast, Akau, near Whangamumu (15+d); Whangarei, 
Suter colln, New Zealand Geological Survey (N.Z.G.S.) (5d); Great Barrier Is. (1d); 
Whangaparaoa; (15*p), Papa Rock, Tindalo Bch (15*p, 3d), Stanmore Bay (15*p, 2d); 
Onetangi, Waiheke Is., Hauraki Gulf (3d); Takapuna, N.E. of Auckland (6d) (N.Z.G.S.) (2d); 
Katikati (4d); near Motu River, Bay of Plenty (7d); W. coast, Motutara (11d) (N.Z.G.S.) 
(11d); Auckland; Kare Kare, N. coast (15*p, 3d), Deep Ck, N. of Auckland (N.Z.G.S.) (8d). 
Manukau Harbour (5d), (N.Z.G.S.) (6d), Kakamatus, Manukau Harbour (15*p, 2d); Port 
Waikato (2d); Wanganui Heads (1d); ocean reef, Pipikariti (12d); Kapiti Is, (N.Z.G.S.) (6d); 
Wellington (1d); Pt. Howard, Wellington Harbour (N.Z.G.S.) (1d); Lyall Bay (N.Z.G.S.) 
(10d); Cook Strait (6d), South Is.; Fossil Pt, N. of Nelson (N.M.N.Z.) (15*p, 3d); E: coast, S. 



14 B.W. Jenkins 

side of Kaikoura Peninsula (2p, 1d); Lyttelton, Suter colln. (N.Z.G.S.) (7d); New Brighton; in 
roots of Durvillea, Suter colln. (N.Z.G.S.) (7d), near Christchurch (3d); Hatchery Bch, 
Portobello, near Dunedin (4d); Kakarui, Otago (N.Z.G.S.) (5d); North Arm, Port Peggasus, 
Stewart Is. (N.M.N.Z.) (1p, 1d); Station Pt, Snares Ids, On Durvillea (1p); Chatham Ids; Suter 
colln. (N.Z.G.S.) (15*d); Glory Bay, Pitt Is: (N.M.N.Z.). (12p, 2d), Waitangi, (N.Z.G.S.) (7d); 
Auckland Is, Suter colln. (N.Z.G.S.) (1d); total (106+p, 185d). 

DISTRIBUTION 

S. australis occurs on exposed and semi-exposed rocky intertidal shores throughout the 
New Zealand, Chatham, Stewart, Auckland and Snares Islands (between the latitudes of 
34? and 4898 (fig 2)). It is not recorded from the Kermadec (Oliver, 1915), Bounty or 
Antipodes (Powell, 1979) Islands. This species appears to have a wide vertical intertidal 
distribution being associated with the zone indicators Durvillea antarctica, Hormosira 
banksii, Corallina officialis and Lichina pygmaea var intermedia. Originally described from 
two specimens as occurring “on” the roots of apparently D. antarctica the nominal form of 
S. australis has also been recorded “under” and “in” the holdfasts of D. antarctica (Suter, 
1913; Hubendick, 1946; Borland, 1950) and “on rocks" (Hutton, 1882a), while the S. 
“zelandica” form inhabits rock surfaces (Hubendick, 1946; Borland 1950; Morton and 
Miller, 1968; Powell, 1979). Several collectors, who provided preserved material for this 
work, were unable to find siphonariids on kelp holdfasts. Only one available preserved 
specimen collected from Durvillea holdfasts (Station Pt, Snares Ids, coll: G. Fenwick, Dec. 
1976) was examined. While this specimen's extremely flattened shell form (pl. 4f, lateral) 
differs from S. australis (pls. 3, 4), its shell colouration (pl. 4f, ventral), radula (pl. 6d) and 
reproductive system (fig. 4b) indicate it is conspecific. 

Morton and Miller (1968) and Powell (1979), after Borland (1950), considered S. 
"australis" to occupy low shore zones and the larger S. "zelandica" the mid and upper 
zones. Specific differentiation by these authors was apparently solely on shell form 
without anatomical considerations. 

DESCRIPTION 

External morphology (preserved animals) 

The smooth sole of the foot and fringe are white to cream, while, the smooth side of the 
foot is mottled black with large, irregular, circular white spots with centralized pustules, 
where subepithelial mucous cells open. No black colouration occurs under the cephalic 
lobes on the side of the foot. The mantle is narrow, thin, grey to black with the lobed and 
swollen outer mantle edge banded with black radial lines corresponding with shell rib 
interstices, but broken by white areas aligned with shell ribs. The pneumostomal fold is 
long, white and lightly shaded with black. Two indistinct, black, subepithelial eye spots are 
laterally offcentred on the two, large, thick, white, centrally touching cephalic lobes. The 
cuticle above the cephalic lobes and over the head area is shaded black. This shading 
appears stippled on the lobes. The internal cuticle covering the visceral mass is stipple 
shaded black over the head, siphonal duct and mantle cavity, decreasing in density over 
the posteriorily situated hermaphrodite gland. 

Shell (pls 3a-e, h, i, 4a-g) 
length mm X = 17.99, s = 1.93, n = 99 
width mm X = 13.6, s = 3.04, n = 99 
height mm X = 6.24, s = 1.82, n = 99 

The shell of this species is extremely variable in size and colouration. Generally it is 
ovate, asymetrical and thick with broad, raised and irregularly spaced radial ribs. The grey- 
light brown exterior is usually eroded or overgrown with algae or Chamaesipho barnacles. 
The apex is offset to the left posterior and when not eroded has an apical notch 
(protoconch). The apical sides are convex (fig. 1A), particularly close to the shell margin. 
This convexity is accentuated at the posterior margin. Growth ribbing is indistinctand may 
appear as discontinuities in shell formation. The external sculpture is widely variable. The 
radial ribs (X = 28.5, 5 = 4.4, n = 99) project past the shell margin with the two prominent 
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Fig. 4. Reproductive systems and spermatophore of S.australis. a) Fossil Pt., N. Nelson, 
N.Z., dorsal view; b) Station Pt., Snares 145, N.Z., dorsal view; c) Glory Bay, Pitt Is., Chatham 
Ids, N.Z. dorsal view; d) longitudinal section of genital atrium; e) spermatophore of c; f) 
spermatophore of b; g) transverse section of epiphallus duct, Kakamatua, Manukau 
Harbour, N.Z. 

juxaposed siphonal ribs projecting the furthest. The radial ribbing on the left of the shell is 
usually finer with narrower interstices. Rib interstices appear as dark brown furrows which 
bifurcate as inverted "V" shaped markings where secondary ribs develop in the cleft (pl. 
3d, e, h). Interstices of some large specimens develop into deep grooves (pl. 3c, d). The 
shell interior is glossy and uneven. The blue and yellowish tan spatula and siphonal groove 
are usually mottled with dark brown or grey. In the shallow adductor muscle scars and 
immediately below the spatula, the interior shell colouration is light brown to tan, while 
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the lip margin, below the muscle scars, is chocolate brown with white rays tipping the 
underside of the ribs. The cephalic muscle scar (fig. 1C; cms) is slightly convex. The 
siphonal angle d? is x “77? (sz 3.18, n =18). Juvenile shells usually have flat, light brown ribs 
with a chocolate brown spatula and shell interior. 

Reproductive system (fig. 4a-c) 

The epiphallus gland (eg) and duct (ed) are positioned in the coelom between the 
buccal mass and the right anterior adductor muscie, immediately below the thin cuticle 
covering the visceral mass. In the right posterior side of the coelom, the ovotestis, mucous 
and albumen glands are situated under the digestive gland and dorsal branchial cavity. The 
genital pore (gp) is small, opening through the foot wall posterior to the right cephalic 
fold. The yellow, granular ovotestis (ot), unlike the other major reproductive glands and 
ducts, slightly varies in proportional size between individuals. From the ovotestis several 
very small, thin, translucent ducts join to form the swollen, pinkish cream, unlobed 
hermaphrodite duct (hd). The weakly folded duct narrows and straightens as it is 
enveloped by the folds of the posterior mucous (pg) and albumen (ag) glands. The small, 
pinkish cream, bulbous seminal vesicle (sv) overlies the end of the hermaphrodite duct 
within the albumen gland folds. This heavily folded, cream albumen gland is largely 
situated amongst the central folds of the paler posterior mucous gland. Single, very thin, 
short ducts join the seminal vesicle and the albumen gland to the junction of the 
hermaphrodite duct and start of the spermoviduct (sd). The long white translucent 
spermoviduct is initially wide, partially enveloped by the narrowing anterior mucous 
gland (am) and juxtaposed to an indistinct white prostate gland. The spermoviduct 
narrows and joins with the thinner bursal duct (bd) (joined by fine connective tissue of the 
duct wall) to pass through the outer posterior muscle stands of the anterior adductor 
muscle. Both ducts then pass, externally joined together by threads of connective tissue, 
between the adductor muscle and the foot wall to enter the small genital atrium (ga) close 
to the genital pore. 

The spermoviduct enters dorsal to the bursal duct. Figure 4d indicates the duct openings 
into the genital atrium. Thick tissue folds occur in the lumen (l) in this atrium. The thin 
walled, brown bursa copulatrix (bc) appears deflated when not holding spermatophore, 
withering around a small mass of reproductive waste. Branching from the junction of the 
large, cream coloured epiphallus duct, is a long, thin, white flagellum (f). The shape of the 
pinkish cream lumen in the epiphallus duct is formed by a dominant fold (fig. 4g). 

Hutton (1882a; pl. 15, fig. 2) and (1882b) (no figure) provides the only previous 
descriptions of S. australis, although only brief and incorrect in many details. Hubendick 
(1946; 49) incorrectly considered Hutton's anatomical descriptions of S. australis to apply 
to S. “cookiana”, Hubendick’s generalized S. “cookiana” descriptions are actually of S. 
australis (1946; pl. 6, figs 20, 21, 22) agreeing with Knox (1955), who stated the genitalia of S. 
“zelandica” and S. “cookiana” are distinct, however, provided no comparative evidence. 

Hubendick (1945:21, figs 21 and 26) and (1946: 14, fig. 12) apparently assumed the 
closeness of the spermoviduct and the bursal duct between the foot wall and the adductor 
muscle indicated they opened into a "vagina" before entering the genital atrium. Neither 
the "vagina" or an enclosed “stiletto-like copulation organ" (Hubendick, 1945:20-21; 
1946:36) were found in any of the specimens dissected. 

Spermatophore (fig. 4e) 

In the bursa copulatrix between three and five spermatophore (x = 3.4, 5 = 0.8, n -5) are 
held, coiled in a brown gelatinous matrix. The spermatophore test is smooth, thin and 
transparent enclosing a white matrix. The blunt, cylindrical head is 50-60 um in diameter 
and twice the length and thickness of the pointed tapering tail. A slight keel along the 
tapering region between the head and tail sections was observed on one specimen. 

The spermatophore of S. "australis" was briefly described by Hutton (1882a) and 
Hubendick (1946). 
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Radula (pl. 6d, e, f) 

The radula ribbon of S. australis exhibits the characteristic wide variation in dentition of 
siphonariids. In particular the number of lateral teeth and transverse rows varies greatly 
between individuals. 

The mean dentition formula is 35:1:35 (s = 7.01, n = 5) with about 127 (s = 7.33, n = 5) 
anteriorly convex transverse rows. Of the 35 half row laterals, 20 (5 = 4.98) are mid and 15 (5 = 
3.58) outer lateral teeth means respectively (n 7 5). Inner laterals are absent. In each 
transverse row a gradual reduction in tooth size occurs from the inner mid laterals to the 
outer laterals on the ribbon fringe, with a corresponding increase in the width between 
transverse rows. The central tooth has a lower profile than the flanking mid laterals and a 
narrow pointed mesocone. The basal plate of the central tooth is about as long as that of 
the immediate flanking mid laterals and has a broad, blunt anterior fork and a posterior 
notch. The notch and fork provide interlocking articulation between rows. The broad 
basal plates of the inner mid laterals similarly interlock. The mid laterals possess a bluntly 
pointed mesocone and a broad pointed ectocone (pl. 6d, e). The ectocone is strong but 
protrudes at an acute angle halfway along the tooth's length. The mid lateral mesocones 
overlap the posterior of the corresponding mesocones of the row in front. The outer 
laterals typically have a basal plate about as broad as the tooth's length, supporting a 
“chisel” shaped pointed mesocone flanked by small, irregularly pointed, single ecto and 
endocones (pl. 6f). The angle of separation of each cone from the mesocone varies. 

The radula formulae for this species of 36:1:36 (“australis”) in Hutton (1882b) and 
repeated in Suter (1913), with 30:1:30 (“australis”) and 35:1:35 (“cookiana”) in Hubendick 
(1946; p. 49 and 36 respectively), are well within the variation limits presented here. 
However, the number of transverse rows, stated only in Hutton (1882b) (160) is above the 
variation presented. 

Geographical Variation 

Significant differences in shell morphology (table 1b) were found to occur between the 
seven population samples (table 3). No sufficiently large, recently collected sample of 
mature shells was available to include a comparison of southern South Island populations. 
High significant differences were found for shell length, width and height dimensions, 
length:width and width:height ratios (p « 0.001), while the length:height ratio and 
number of ribs were of a lower significance (p < 0.01). Comparative ordering of population 
samples indicated a wide intersample variation existed for most shell variables (0.05 prob. 
level). The number of shell ribs and the length:height ratio results indicated an overall 
similarity between samples, apart from the North Island samples from Whangamumu and 
Whangaparaoa which had a significantly larger number of ribs and length:width ratio 
respectively. The Chatham Ids sample had a overall larger shell that other populations 
sampled, particularly to the generally smaller shells from the proximal Pipikariti and N. 
Nelson population samples. The absence of aligned homogeneous groupings indicated 
the shell form was widely variable with shell variables exhibiting independant variation. 

Compared to cogener shell measurements (table 4), the standard deviations of single 
shape dimensions for S. australis are generally lower while those for the quotient ratios are 
larger. These changes, along with the absence of aligned homogeneous groupings 
between population samples shows this species' shell form is extremely variable. Such 
variation suggests S. australis is an ecologically specialized species. Wide variation in shell 
form, particularly between rock and holdfast occurrences, also suggests a response to 
different environmental conditions. 

Descriptions of Synonym Type Material 

The type material of other species previously considered distinct, now considered 
synonyms of S. australis, are listed below. 
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Siphonaria radiata Blainville, 1827:194 nomen dubium 

Types 
Lost 

Type Reference 
Described in Dictionnaire des Sciences Naturelles, 41:294; figured only in Manuel de 

Malacologie et de Conchyliologie (plate volume) (pl. 2, figs 4, 4a). 

Tyle Locality 
Unknown. 

Remarks 
Hubendick (1946) synonymised this nominal species with S. australis without 

explanation or regard for priority. Although the original description appears to closely 

characterise S. australis, the original figure exhibits no such resemblance. As the types are 

lost (P. Bouchet, pers. comm), the original figure and description inadequate and no type 
locality nor distribution were indicated, S. radiata is regarded as a nomen dubium. 

S. radiata Sowerby, 1835:6 (possibly a synonym of S. pectinata (Linne, 1758)) and 5. 

radiata Adams and Reeve, 1850:69 (non 1848: auct.) (possibly a synonym of S. japonica 

(Donovan, 1834)) are primary homonyms of this nominal species. 

To avoid confusion Pileopsis radiata Blainville, 1826 (Dictionnarie des Sciences 

Naturelles, 40: 462; unfigured) having a closely similar shell form, is mentioned as a 

secondary homonym. However, this name must be regarded as nomen dubium as the type 

specimens are missing (P. Bouchet, pers. comm.). 

Siphonaria costata Hombron and Jacquinot, 1841: 192 nomen nudum 

Types 
Unsighted. 

Type Locality 
Otago (“Tavai-Pounamou”), New Zealand. 

Remarks 
This species is unfigured and the name is a primary homonym of and preoccupied by S. 

costata Sowerby, 1835 (type loc. Guacomayo, Central America). 

Siphonaria inculta Gould, 1846: 153, pl. 30, fig. 464. 

Types 
Holotype, United States National Museum of Natural History, Smithsonian Institution 

(U.S.N.M.), 5857; Paratype (1), Museum of Comparative Zoology, Harvard (M.C.Z. 169190, 

ex. N.Y.S.M. 313) 

Type Locality 
New Zealand 

Description of Holotype (pl. 3b) 

Shell height slightly greater than 1/3 shell length; exterior extremely eroded; apex 

posteriorily offset to the left and dark brown; approximately 32 irregular radial ribs; 

siphonal ribs prominent; radial ribs on right of shell more prominent; interior glossy; 

cephalic muscle scar weakly convex; spatula and siphonal groove white to tan mottled 

with brown; adductor muscle scars deep and pale brown; shell margin greatly thickened 

and tan; shell lip tan with broad white rays aligned with exterior ribs. 

Siphonaria cancer Reeve, 1856: species 7, pl, 2, figs 7a, b. 

Types 
(Herein designated) Lectotype (longest and widest syntype, most closely matches 

original figure) B.M. (N.H.) 198112; Paralectotypes (4) B. M.(N.H.) 198112. 
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Plate 2. Siphonaria zelandica; a) Shelly Beach, rock platform, Caloundra, Qld. (repro. 
syst. fig. 3b; spermat. fig. 3d); b-c) Radar Reef, Rottnest Is, W. A. (repro. syst, for c fig. 3c); 
d) Streaky Bay, S. A. (repro. syst. fig. 3a); e) sea wall, Fremantle, W. A. f) Broome, N. W. A. 
g-h) P.elegans paratypes, Keppel Bay, Qld.; anterior of dorsal and ventral views aligned 
with right-hand side of plate, 1cm bar scale. 

Type Locality 
New Zealand 

Descriptions of Lectotype (pl. 3c) 

Shell height less than 1/3 shell length; apex strongly offset to posterior and left of shell; 
growth lines indistinct; apical sides convex; exterior greyish brown with darker rib 
interstices; approximately 36 irregular, strongly raised, radial ribs; siphonal ribs prominent 
and extend past shell lip; interior glossy; spatula whitish mottled with dark brown; 
adductor muscle scars prominent and pale tan; cephalic muscle scar weakly convex; shell 
margin thickened and dark tan with unequal pale tan to white rays aligned with exterior rib 
extremities. 
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Fig. 5. Reproductive systems and spermatophore of S.propria. a) holotype (pl.5a) dorsal 
view; b) paratype (pl.5b) dorsal view; c) N. Arm of Port Peggasus, Stewart Is., N.Z. (pl.5d) 
dorsal view; d) Kare Kare, W. Coast, Auckland, N.Z. (pl.5f) dorsal view; e) spermatophore 
of holotype. 

Abbreviations: 
AO — accessory atrium, ag — albumen gland, am — anterior mucous gland, bc — bursa 

copulatrix, bd — bursal duct, ed — epiphallus duct, eg — epiphallus gland, f — flagellum, 
ga — genital atrium, gp — genital pore, hd — hermaphrodite duct, i — lumen, ot — 
ovotestis, pg — posterior mucous gland, sd — spermoviduct, sv —seminal vesicle. 
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Plate 3. Siphonaria australis; a) lectotype (herein designated), Cook Strait; b) S.inculta 
holotype, New Zealand; c) S.cancer lectotype (herein designated), New Zealand; d) 
S.cancer paralectotype; e) S.cookiana lectotype, f-g) S.cookiana paralectotypes; h-i) Fossil 
Point, N. Nelson N.Z. (repro. syst. of h fig. 4a); anterior of dorsal and ventral views aligned 
with right-hand side of plate, 1cm bar scale. 
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a 

Plate 4. Siphonaria australis; a) Takapuna, N.E. of Auckland; b) Akau, near 
VVhangamumu, c-d) Motutara, N. Is, N.Z. e) Fossil Point, N. Nelson, N.Z. f) Station Point, on 
Durvillea, Snares Ids (repro. syst. fig. 4b; spermat. fig. 4f); g) Port Waikato; anterior of 
dorsal and ventral views aligned with right-hand side of plate, 1cm bar scale. 
Siphonaria cookiana Suter, 1909: 258, pl. 11, fig. 18. 

Types 
(Subsequent designation; Boreham (1959) Lectotype, New Zealand Geological Survey 

(N.Z.G.S.) T.M. 1197; Paralectotypes (6); (1) A.M. C29118, not examined by Boreham 
(1959); (5) N.Z.G.S. T.M. 1198 —1202. 

Type Locality 
Lyall Bay, Cook Strait and Preservation Inlet, New Zealand. 



Siphonaria 23 

Description of Lectotype (pl. 3e) 

Shell height greater than 1/3 shell length; apex eroded and centrally offset to the left of 
the shell; growth ribbing indistinct; apical sides convex; approximately 30 pale tan radial 
ribs; rib interstices appear as dark brown, shallow, lines or inverted “V” markings; interior 
glossy; spatula bluish white mottled with dark brown; siphonal groove white to tan; 
adductor muscle scars prominent and pale tan; cephalic muscle scar weakly convex; shell 
margin thickened and tan; shell lip pale tan with white radial rays interspersed with 
irregular dark brown markings aligned with external ribs. 

Dimensions: 

length mm width mm height mm 

Lectotype 11.4 8.7 4.9 (pl. 3e) 
Paralectotypes 14.1 12.5 5.5 (pl. 3f) 
(6) 10.5 8.0 3.5 

10.7 8.3 4.0 
9.9 8.0 3.6 (pl. 3g) 
9.6 7.6 3.5 

A.M. 10.2 7.9 3.1 
original description 12.0 9.0 4.5 

Siphonaria (S.) propria sp. nov. 
(pl. 5a-f) 

Siphonaria zelandica: — Hutton, 1882b: 143, pl. 17, figs H-M; Suter, 1913: 601 (radula); 
(non Quoy and Gaimard., 1933). 

Siphonaria cookiana: — Suter, 1909: 258, pl. 24, figs 7, 7a, 7b (in part). 
Siphonaria cookiana: — Suter, 1913, 599, pl. 24, figs 7, 7a, 7b; Powell 1939; 217; 1946; 91; 

1957; 114; 1979: 292, pl. 54, figs 8, 9; Borland 1950: 392; Knox, 1955: 86; Boreham, 1959; 
71 (paralectotypes); Morton and Miller, 1968: 302, pl. 19, figs 9, 9a. 

Types 
Holotype, National Museum of New Zealand (N.M.N.Z.) 

M.77363; Paratypes; N.M.N.Z. M.77364 (10p), A.M. C130361 (16; 5d, 
11p). 

Type Locality 
Lower littoral, S. side of Kaikoura Peninsula, E. 

coast, S. Island, New Zealand. 

Description of Holotype (pl. 5a) 

Shell height less than 1/3 shell length; exterior uneven; posterior half of shell wider than 
anterior; growth lines indistinct; approximately 32 raised, slightly curved and irregularly 
spaced white radial ribs with siphonal ribs projecting past shell lip; apical sides weakly 
convex; interior glossy; cephalic muscle scar concave; spatula smooth and purple with a 
patch of white; siphonal groove deep, slightly curved and pale purplish white; adductor 
muscle scar prominent and pale purplish white; shell margin thickened and purple; shell 
lip purplish brown with white rays corresponding to the ends of exterior ribbing. 

Dimensions 

length mm width mm height mm 

Holotype 13.5 12.6 3.7 
(pl. 5a-b) 

Paratypes (26) X 10.5 8.9 3.1 
5 1.8 1.7 0.6 
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Plate 5. Siphonaria propria a) holotype, S. side of Kaikoura Peninsula, S. Is., N.Z. (repro. 
syst. fig. 5a; spermat. fig. 5e); b) paratype (repro. syst. fig 5b); c) Fossil Point, N. Nelson; d) 
N. Arm, Port Peggasus, Stewart Is. (repro. syst. fig. 5c); e) Fossil Point, N. Nelson (broken 
shell); f) Kare Kare, W. coast of Auckland (repro. syst. fig. 5d); anterior of dorsal and 
ventral views aligned with right-hand side of plate, 1cm bar scale. 

ADDITIONAL MATERIAL EXAMINED (PRESERVED (P) AND DRY (D)) 

New Zealand: Tiritiri Is, Hauraki Gulf (N.Z.G.S.) (1d); Takapuna, Auckland (N.Z.G.S.) 
(15*d); W. coast, Auckland; Motutara (N.Z.G.S.) (10d), Kare Kare, (1p); Taranaki (4d); 
Otakekohe, S. Taranaki (N.Z.G.S.) (15*d); Cook Strait, Wellington (3d); South Is; Fossil Pt, 
N. of Nelson (N.M.N.Z.) (15*p, 3d); S. side of Kaikoura Peninsula (15*p, 3d); Shag Pt, Otago 
(N.Z.G.S.) (2d); Preservation Inlet (topotypes) (N.Z.G.S. Suter colln.) (1d); North Arm, Port 
Peggasus, Stewart Is (N.M.N.Z.) (4p, 3d); total (35*p, 60*d). 
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a 

Plate 6. S.E.M. photomicrographs of radulae; a-c) S.zelandica; a) central and inner 
lateral teeth X 560 and b) mid and outer lateral teeth X 550, Radar Reef, Rottnest Is. W. A. 
SEM Stub 1126; c) central and inner lateral teeth X 650. Radar Reef, Rottnest Is. W. A. SEM 
stub 1154; d-f) S.australis; d) central and mid lateral teeth X 650, Station Point, Snares Ids, 
N.Z. SEM stub 1130; e) central and mid lateral teeth X 860 and f) outer lateral teeth X 860, 
Fossil Point, N. Nelson, N.Z. SEM stub 1129; g-j) S.propria sp.nov.; g) central and mid lateral 
teeth (note aberrant mid laterals) X 570 and h) outer lateral teeth X 1000, Fossil Point, N. 
Nelson, N.Z. SEM stub 1128; i) central and mid lateral teeth X840 and j) outer lateral teeth X 
570, Kare Kare, W coast of Auckland, N.Z. SEM stub 1127. 
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DISTRIBUTION 

The known occurrence of this species is at lower littoral levels of mainly exposed rocky 
coasts throughout the North, South and Stewart Islands of New Zealand (fig. 2). Powell 
(1979) indicates this species also exists at the Chatham Islands. It is not recorded from the 
Bounty, Antipodes or Auckland Islands. 

DESCRIPTION 

Extenal morphology (preserved animals) 

The sole of the foot is broad, smooth and coloured cream to pale yellow. Theside of the 
foot is smooth to weakly pustulose, superficially mottled with grey or black, with small 
unshaded circular spots aligned around pustules opening from subepithelial mucous cells. 
The edge of the foot is white and thin. The mantle is broad but thin, shaded grey with 
irregular black bands corresponding to shell rib interstices. Around the lobed and slightly 
swollen mantle edge is a continuous white to cream subepithelial band. Two small, 
subepithelial, black eye spots are centralized in the two thick, wide, cream cephalic folds 
which have a pale ventral edge. The tissue over the head and cephalic folds is superficially 
shaded black. The pneumostomal lobe is long, wide, white and weakly shaded with black 
mottling. The internal dorsal epithelium covering the visceral mass is tipped with black, 
concentrated over the siphonal duct and pallial cavity and decreasing in density over the 
buccal mass and ovotestis. 

Shell (pl. 3f, g; 5a-i) 

length mm X = 11.4, s = 1.54, n = 25 
width mm Х = 9.7, s = 1.32, n = 25 
height mm X = 3.2, s = 0.67, n = 25 

The shell is ovate, assymetrical, posteriorly wide and relatively small with the apex 
slightly offset posteriorly and to the left. The apex is low, usually less than 1/3 the shell 
length and notched with a small protoconch. The pale brown exterior, often overgown 
with algae or eroded, has about 30 (s “4.7, n = 25) slightly raised and irregularly spaced, pale 
brown to white, rounded radial ribs. These ribs curve and broaden from the apex to 
overlap the shell lip. One or two secondary ribs may develop in the dark brown interstices 
between the apically continuous ribs. Rib widths range from broad to narrow. Aprical 
sides are weakly convex. The fine radial growth lines are indistinct. Radial ribs extend past 
the shell lip relative to rib size. On the right of the shell, the two juxaposed, prominently 
raised siphonal ribs project the farthest. The interior shell lip and margin are thickened. 
The glossy shell interior has a cream to tan spatula and siphonal canal with a purply brown 
to dark brown colouration around the spatula and in and below the narrow, deeply 
grooved muscle scar. The shell margin can be pale purple (pl. 3a) or dark brown (pl. 3d, e). 
External ribbing is reflected on the inner shell lip and margin by white shallow grooves 
tipped with brown intersticial rays. The deep siphonal groove is prominent, curving from 
the spatula to the shell lip. The cephalic muscle scar (fig 1C; cms) is narrow, shallow and 
posteriorly concave. As the shell matures, the ribs and interior margin thicken, the spatula 
colour darkens from a cream or tan to a dark purply brown while the shell lip changes from 
dark brown to a purply white (pl. За, b, adults; pl. 3d, f, subadults). The siphonal angle 0° is 
about 80? (s = 5.54, n = 10). 

Reproductive system (fig. 5a, b, c, d) 

The epiphallus duct (ed) and gland (eg) lie over the anterior buccal mass under the thin 
cuticle covering the visceral mass. The other major reproductive ducts and glands are 
situated in the right posterior region of the coelom, ventral and posterior to the large 
digestive gland and more anterior branchial cavity. 

The yellow, granular ovotestis (ot) is situated in the most posterior area of the coelom 
(above the foot muscle tissue). Joined by several small, thin, translucent ducts to the 
ovotestis is the large, thin walled, pinkish cream section of the hermaphrodite duct (hd). 
This duct straightens and narrows to a thin transparent duct as it enters the enveloping 
folds of the posterior mucous (pg) gland. The cream folded albumen gland (ag) is centred 
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in the lateral folds of the white posterior mucous gland. A very small, translucent duct from 
the albumen gland along with a short, thin, white seminal duct join the narrow section of 
the hermaphrodite duct asitenters the thin walled spermoviduct (sd). The seminal velsicle 
(sv) is large bulbous and a pinkish white colouration. The white, translucent anterior 
mucous gland (am), and extension of the posterior mucous gland, extends along part of 
the short thickened lower section of the spermoviduct. An indistinct white prostate gland 
is juxaposed to the anterior mucous gland and dorsal to the spermoviduct. The anterior 
edge of the anterior mucous gland is lobed. The bursa copulatrix (bc) is brown, spherical 
and thin walled, enclosing spermatophore in a gelatinous matrix. The lower spermoviduct 
and the long, thin, white bursal duct (bd) enter the small genital atrium closely connected 
by ductal tissue after passing through a few outer posterior stands of the anterior adductor 
muscle. The bursal duct is ventral to the slightly thicker spermoviduct. The genital pore 
(gp) is small. The narrow, cream to white epiphallus duct (ed) is long with internal lobes 
and folds in its thin wall. A long thin cream coloured flagellum (f) appears as an extension 
of the epiphallus duct from the joint of the duct with the large, bulbous, partially lobed, 
ephiphallus gland (eg). 

The reproductive system of S. propria was briefly described and figured by Hutton 
(1882b) as S. “zelandica”, indicated by the bicuspidate mesocone of the lateral teeth in the 
corresponding radula figure. Hubendick's (1945; 1946) description and figures of the 
reproductive system of S. “cookiana”, are really of S. australis. 

Spermatophore (fig 5e). 

In the bursa copulatrix between 1 and 4 spermatophore (x = 2.3, s = 1.2, n “ 6) are tightly 
coiled in a brown gelatinous matrix. The spermatophore body consists of a blunt 
cylindrical head (50-60 um in diameter) tapering to a thin, "thread" like, transparent tail. 
Thethin, soft, transparent body test of the head section encloses a pinkish white gelatinous 
core which appears coiled. The tail section contains no core and is about 74 of the total 
spermatophore length. In an animal 9.9 mm long a spermatophore was 4.5 mm long. 

Radula (pl. 4g, h, i, j) 

The number and shape of radula teeth and the number of transverse rows varies greatly 
between individuals. Teeth, particularly the mesocones, towards the front of the radula 
ribbon are usually worn and often broken. 

The mean dentition formula is 21:1:21 (s = 3.9, n = 6) with about 108 weakly curved 
(anteriorily convex) transverse rows (s = 10.9, n = 6). Of the 21 half row laterals, 9 (s = 2.6) are 
mid and 12 (s =- 1.4) are outer lateral teeth means respectively (n 7 6). Inner lateral teeth, 
typically not possessing endo or ectocones, are absent. The central and first few flanking 
mid laterals articulate with the corresponding teeth in adjacent transverse rows. The 
separation between transverse rows increases to the outer extremities of the radula ribbon 
where outer laterals of different rows are separated by more than a tooth's width. 

The central tooth has a lower profile than the flanking mid laterals and a pointed 
mesocone about half the tooth length, curving up from an elongated basal plate. This plate 
has a blunt, broad anterior fork and a blunt posterior notch, enabling aligned articulation 
between central teeth. Strongly branching at an acute angle from the outer side of each 
mid lateral tooth is a pointed ectocone. The mid lateral's mesocone is bicuspidate with the 
inner cusp longer than the outer. The cusps are separated by a shallow “U” to “V” shaped 
cleft (pl. 4g, i, j). The lateral's ectocone is often widely offset to the side of the mesocone 
but generally points directly forward. Aberrant laterals are common appearing as 
extremely broad teeth (pl. 4g; mid lateral). Outer laterals have a square basal plate 
supporting a broad, flat “chisel” like mesocone flanked by pointed single ecto and 
endocones. The widths and angles of separation of endo and ectocones are variable. 

The radula for this species has been previously described only briefly by Hutton (1882b) 
(“zelandica” and repeated by Suter 1913). Both the number of teeth and rows recorded by 
Hutton (33-40:1:40-33 with 130-140 rows) are well above the variation limits presented 
here. 

Geographical variation was not examined. 
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Etymology 

From proprius, (Latin, = peculiar, special); referring to the special need to rename this 
species. 

TAXONOMIC DISCUSSION 

Descriptions of 5. zelandica in Hutton (1878), Suter (1913), Powell (1939; 1946; 1957; 
1979), Hubendick (1946), Knox (1955) and Morton and Miller (1968) refer to shell variants of 
S. australis. 

S. baconi with pale, and S. zebra with dark, internal radial rays (corresponding with rib 
interstices), are shell forms of S. zelandica, both exhibiting the low conical shape, weakly 
subcentral apex, characteristic primary and secondary ribbing and shell colouration. T. 
Woods (1879) erroneously considered S. baconi to bea variant of S. diemenensis. The shell 
morphology (types examined) and reproductive system (McAlpine, 1952: 43, fig 2) of S. 
diemenensis is specifically different, particularly in shell ribbing, size of epiphallus gland 
and duct and the length of bursal and spermoviducts. Iredale (1924) considered S. 
“bifurcata” (really meant S. zebra) as the Peronian representative of the Western 
Australian S. baconi, however, provided no comparative evidence. Hubendick (1946) 
suggested 5. albida Angas, 1867 in Tate and May (1902) (undescribed and unfigured) as a 
bibliographical synonym of S. baconi, however as S. baconi is not recorded from Tasmania, 
Tate and May's record probably refers to Trimusculus conicus (Angas, 1867) with which S. 
albida is synonymous (types examined). Further Hubendick (1946) suggested S. baconi 
may be conspecific with S. bifurcata and considered 5. zelandica a synonym of S. australis. 
In the same monograph Hubendick also considered S. elegans and S. baconi distinct 
species and 5. zebra synonymous with S. kurracheensis Reeve, 1856. Anatomical 
investigations and examination of types by McAlpine (1952) revealed that S. elegans was 
conchologically conspecific with the figure of S. “bifurcata”, but that the reproductive 
system he had dissected differed greatly from the genitalia of S. “bifurcata”, in Hubendick 
(1946). Hubendick (1955), after examining the types of the species in question, realized the 
anomaly indicating S. “bifurcata” in Hubendick (1946) was described from a mixed lot 
(N.M.V.F.13785, Port Jackson; has since been separated into species) and suggested that S. 
elegans and S. zebra are conspecific and synonyms of S. zelandica. Subsequent 
examination of the relevant type specimens and original descriptions indicates that the 
texts of S. zebra and S. bifurcata (not the figures) in Reeve's revision had been transposed 
(typographical error; S. zebra is actually species 22 with figure 21). S. elegans in Hubendick 
(1945; 1946) was described from one misidentified preserved specimen of S. kurracheensis 
from Timor (indicated by the radula dentition formula); an anomaly also corrected in 
Hubendick (1955). The dentition formula of S. “bifurcata” is actually from aspecimen of S. 
diemenensis from the mixed Port Jackson lot. The types of S. zebra areundoubtedly (type 
label has the correct locality data), and those of S. bifurcata most probably, from Australia 
and the Philippines respectively. 

Reeve (1856), in his revision of the genus Siphonaria, apparently neglected to examine 
existing type material and consequently described S. cancer from New Zealand, omitting 
to mention either S. inculta or S. australis and erroneously synonymizing S. zelandica with 
S. sipho Sowerby, 1824. Unfortunately the types of S. sipho are missing (K. Way; pers. 
comm .), but examination of the original description and figure (Sowerby, 1824: no. 21, pl. 
143, fig. 1) indicates S. sipho has a low subcentral apex, approximately 42 even, primary 
ribs, few secondary ribs, 3-4 siphonal ribs extending past the shell margin, a wide siphonal 
groove and a strongly convex cephalic muscle scar. Hutton (1878) suggested S. cancer was 
a variant of S. zelandica with which Hutton incorrectly synonymized S. scutellum 
Deshayes, 1841 and disregarded S. inculta as the original description was uncited. S. 
scutellum (types examined) is a synonym of S. obliquata Sowerby, 1825, a relationship 
realized by Hutton (1882b) (correction attributed to von Martens). S. obliquata has a large 
elongate shell with a strongly subcentral apex, low bistriate radial ribbing exteriorly 
accentuated with tonal colour banding. Hutton (1880), based upon Reeve's inadequate 
descriptions, placed S. zelandica and S. inculta into the synonymy of S. sipho and 
suggested S. cancer was "probably" also conspecific. S. australis was considered a distinct 
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species. While in Hutton (1882b), based upon Cuming's identification of S. cancer from 
Formosa (Cuming, 1865: — Hutton, 1880), Hutton omitted S. cancer from the New Zealand 
siphonariid fauna. Hutton's (1882a) description of an S. "australis" reproductive system, 
although incorrect in many details (e.g. inclusion of a vas deferens), is probably that of S. 
australis, having long and very thin bursal and spermoviducts. Hubendick (1946) realizing 
Hutton's errors, considered Hutton's figure to be that-of S. cookiana. The S. zelandica 
reproductive system (animal found on rocks) described by Hutton (1882b) is also of S. 
australis, indicated by the pointed mesocone referred to in his description of the radula 
(the absence of a vas deferens should also be noted). The types of S. inculta and S. cancer 
are a large, heavily ribbed form of S. australis similar to the S. “zelandica” form in Suter 
(1913: 600, pl. 24, fig. 6) and Powell (1979: 292, pl. 54, fig. 10). The types of S. australis appear 
to be immature, not having the heavy ribbing or thickening of the shell margin and lip of 
larger specimens. Both Hubendick (1946) and Powell (1979) correctly synonymized S. 
cancer with S. australis. 

Examination of reproductive systems and radulae of animals with shells similar to the 
lectotypes and paralectotypes of S. cookiana designated by Boreham (1959), indicates a 
mixed type series exists. The lectotype (pl. 3e) is a juvenile of S. australis (pl. 3h, similar 
shell; pl. бе, f, radula; fig. 4a, reproductive system) while the paralectotypes (pl. 3f, g) area 
distinctly different species (pl. 5c, f, similar shells; pl. 6g-j, radula; figs 5c, d, reproductive 
system). Suter's inadequate original description and figure was considered by Boreham 
(1959) to be generalized. Determined by the designated lectotype, S. cookiana becomes a 
synonym of S. australis. 

5. cheesemani Oliver, 1915, Parellsiphon innocuus Iredale, 1940 and Mestosiphon 
lentulus Iredale, 1940, respectively described from the Kermadec, Lord Howe and Norfolk 
Islands, are all considered incorrect synonyms of S. cookiana or S. australis in Hubendick 
(1946) (all types examined). S. "australis" in Hubendick (1955) (lot N.M.V.F.13924, 
Masthead Is, Qld.) refers to a pale variant of S. atra Quoy and Gaimard, 1833. Dissections of 
animals with similar shells to the lot Hubendick examined show the reproductive system to 
be conspecific to that of animals conchologically similar to the syntypes of S. atra (type loc. 
l'ile de Vanikoro). 

5. spinosa Reeve, 1856, mentioned in Hutton (1882b), is unmistakeably a synonym of S. 
aspera Krauss, 1848 (S. Africa) and incorrectly described from New Zealand (types 
examined). 

Specific Variation 

S. zelandica is distinctly different and possibly even subgenerically separable from S. 
australis and S. propria, possessing a bulbous spermatophore, a prominently larger 
muscular epiphallus gland and duct; all important divisive subgeneric characters. 
However, their radulae are similar in form and all possess a prominent flagellum and are 
without an accessory atrium on the epiphallus duct. 

The following specific comparisons concentrate on reproductive systems, considered 
more precise for species differentiation, and to a lesser extent on the intraspecifically 
variable shell and radular characters. 

Six distinct cogeners overlap in distribution with S. zelandica, S. diemenensis, S. 
funiculata and S. tasmanica, distributionally limited to south-eastern Australia; $. 
denticulata, distributed around northern Australia, overlaps on the eastern and western 
coasts; S. kurracheensis, distributed through parts of the Indian Ocean, overlaps on the 
north-western coast; S. atra, widely distributed throughout the Indo Pacific is presently 
known to overlap only on the north-eastern coast. 

The reproductive systems of S. funiculata and S. tasmanica, belonging to the subgenus 
Liriola Dall, 1870, have large muscular epiphallus ducts and accessory organs but no 
flagella (Jenkins, 1981:8, figs 3a, b — S. funiculata, 3c — S. tasmanica). Compared with S. 
zelandica, their shell forms are apically taller (small width:heightand length:height ratios, 
table 4), with a greater number of flattened primary ribs (table 4). S. kurracheensis and S. 
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denticulata, with morphologically similar reproductive systems, are subgenerically 

separable from S. zelandica having an elongated, thin flagellum, long thin bursal, 

epiphallus, hermaphrodite and spermoviducts and an elongated muscular accessory 

atrium (McAlpine, 1952: 43, fig. 1). The pale shell of S. kurracheensis, while similar to that 

of S. zelandica, is apically taller with strongly convex apical sides, prominent siphonal ribs 

and thickened, raised radial ribbing (types examined). The shell of S. denticulata is apically 

low with prominent primary ribs, particularly siphonal. S. denticulata mainly differs from S. 

kurracheensis in reproductive morphology by possessing smaller epiphallus and 

albumen/mucous glands. The reproductive system of S. diemenensis (McAlpine, 1952: 43, 

fig. 2) differs by having a small, soft epiphallus duct and gland, no accessory atrium and 
very long bursal and spermoviducts, a morphology similar to S. australis and S. propria. The 
shell of S. diemenensis is apically low, heavily ribbed with dark rib interstices and interior 

(types examined). S. atra has a reproductive system similar to those of S. kurracheensis and 

S. denticulata with long, thin bursal and spermoviducts, a thin elongated flagellum and an 

elongated accessory atrium, but differs by having a thickened epiphallus duct. Theshellof 

S. atra is apically low, thickened around the shell margin in mature specimens and with 

numerous even primary ribs with 3-4 prominent siphonal ribs. 

The reproductive systems of S. australis and S. propria are particularly similar (figs. 4a, b, 

c, and 5a, b, c, d), separable mainly on the presence or absence of the scalloped edge of the 

anterior mucous gland (scalloped in S. propria) and the size of the seminal vesicle (sv of S. 

australis is generally larger). While the number of radula teeth appears to be of little 

taxonomic importance, the shape of the inner lateral's mesocone is an extremely 

important distinguishing character (pointed in S. australis, bicuspidate in 5. propria). The 

shells of S. australis and S. propria, although exhibiting wide variation, are readily 

separated by their internal colouration, especially on the spatula and siphonal groove. 

S. obliquata, distributed throughout the southern parts of New Zealand, is the only co- 

existing cogener with S. australis and S. propria. However, possessing an extremely large 

epiphallus duct and epiphallus gland, genital atrium and genital pore, and a strongly lobed 

hermaphrodite duct, 5. obliquata is markedly different the shell being particularly large, 

more elongated and slightly taller with more numerous radial ribs than 5. australis and S. 

propria (table 4). 
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Pinna deltodes J. Malac. Soc. Aust. 6(1-2): 37-52 

Pinna deltodes Menke newly described and 
differentiated from P. bicolor Gmelin 

(Bivalvia, Pterioida)* 

Amelie Scheltema 

Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts 02543 USA 

*Contribution number 5167 from the Woods Hole Oceanographic Institution 

ABSTRACT 

Pinna deltodes Menke is a valid Indo-Pacific species of Pinnidae 
morphologically similar to P. bicolor Gmelin. It can be distinguished from P. 
bicolor in Australia by the presence of regular, sharply defined, pinkish-buff 
lateral bands of subepithelial gland cells along the inner fold of the posterior 
mantle margin and by the position of the posterior adductor muscle scar at the 
posterior edge of the dorsal nacreous layer. The subepithelial gland cells are 
coarsely granular; they are not acid or neutral muco-polysaccharides 
(mucins) or muco-glycoproteins (mucoids). The preferred habitat of P. 
deltodes is a hard substrate, either within cobble flats or beneath boulders, 
coral blocks, and bombies. The species extends off eastern Africa to eastern 
Australia and as far north as Pakistan and probably the Red Sea, from the 
intertidal zone to 14 0m. 

INTRODUCTION 

The Pinnidae, or razor, pen, wing, or fan shells, is a family of large wedge-shaped 
bivalves that live in mud and sand or amongst rocks or corals. The flared posterior edge of 
the shell projects beyond the substrate; the buried anterior end is attached to solid 
objects by a mass of long byssus threads. The Pinnidae inhabit tropical and temperate 
waters of the world. 

Monographs on the Pinnidae by Turner and Rosewater (1958) and Rosewater (1961) 
brought much needed taxonomic order to Recent members of the family, which vary 
greatly in shell morphology and have a wide geographic distribution. Of the original 175 
specific names in the literature (Winckworth, 1929, in Turner and Rosewater, 1958), 
Rosewater (1961) recognized twenty valid Recent species and subspecies in three genera. 

Pinna bicolor Gmelin is a common Indo-Pacific species. Rosewater (1961) synonymized 
31 species names under P. bicolor, including the fossil P. inermis Tate, P. menkei ‘Hanley’ 
Reeve, P. madida Reeve, P. attenuata Reeve, P. fumata Reeve, P. dolobrata Lamarck, P. 
moluccensis Clessin, P. isosceles Hedley, and P. atropurpurea Sowerby. Also included 
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were four specific names that referred to a ‘short, wide form of bicolor’ (Rosewater, 1961: 
198); the earliest name for this form is P. deltodes Menke. 

Since the publication of Rosewater’s monograph, many specimens of Pinnidae have 
been added to the mollusc collection of the Australian Museum (Sydney), including 
preserved entire animals with accompanying field data. From this new material and from 
collections made in Townsville, Queensland, P. deltodes Menke is here shown to be a 
valid species morphologically very similar to P. bicolor. 

Pinna deltodes Menke (Figs. 1-7) 

Synonymy 

1843. Pinna deltodes Menke, Molluscorum Novae Hollandiae Specimen, p. 37 (prope 
Victoria River). [Type figure Reeve, 1858, Conchologia Iconica, XI, Pinna, P1. 21, Fig. 4 О, by 
subsequent designation, Rosewater, 1961; figured specimen Brit. Mus. (NH).] 
1924. Pinna scapula Hedley, Rec. Australian Mus. 14: 148, pl. 19, figs. 6, 7 (Northern 
Territory: Darwin). [Holotype Australian Museum.] 
1939. Exitopinna deltodes ultra Iredale, Gr. Barrier Reef Exp. Sci. Repts. 5: 315 (Low Isles, 
Qld.). [Holotype Australian Museum; figured in Rosewater, 1961, pl. 15 0.] 

Description 

Maximum shell length and width 37 cm and 21 cm, respectively (Fig. 6). In specimens 
longer than 12 cm, valves usually fan-shaped; dorsal and ventral margins nearly equal in 
length and about three-quarters greatest shell length. Shell width about three-quarters 
shell length (Fig. 4). Posterior shell margin rises in high, symmetrical arch, with highest 
point, and thus greatest shell length, midway between dorsal and ventral margins. Shell 
thick and flattened, foliate, lamellose, and without spines even in juveniles. In shells less 
than 12 cm, dorsal margin usually longer than ventral margin; about ten radiating ribs 
present which are preserved at anterior end of larger shells. Shells may be extremely 
flared posteriorly so that width nearly equals length. Shell colour horn; internally, smoky 
horn. Sulcus separating dorsal and ventral nacreous lobes wide, 3to1 0 mmatits greatest 
width (see Fig. 4). Ventral lobe rounded and either shorter or longer than truncated dorsal 
lobe. Posterior adductor muscle touches posterior edge of dorsal lobe, even in small 
specimens, and is usually anterior to midpoint of valve. 

Pinkish-buff, regularly spaced, lateral bands along inner mantle fold distinguishing 
character; less regular bands occur throughout mantle lobe posterior to waste canal (Figs. 
1A, 2). ‘Eyes of Will’ (Fig. 3; Rosewater, 1961) not closely spaced. Pallial organ with long 
conical head as in other species of Pinna and in Streptopinna (Fig. 1A). 

Distribution 

Pinna deltodes is an Indo-Pacific species ranging from east Africa to eastern Australia 
and Lord Howe Island and northward to Pakistan, southern India, and the Indo-Malay 
Archipelago. In Australia the species is distributed along the west coast from about 24°S 
northward, along the north coast, on the Great Barrier Reef, and south of the Reef to 

about 35°S. 

Specimens Examined 

From Australian localities — Western Australian Museum, records from Western 
Australia (examined by S.M. Slack-Smith): Woorora Station via Carnarvon (southernmost 
record, west coast); Exmouth Gulf; Barrow Is.; Dampier Archipelago; Port Hedland; 
Broome; Admiralty Gulf. 

Australian Museum (Sydney) (number of specimens is within parentheses; asterisk 
denotes that soft parts were examined): Broome, W.A. (7); Vansittart Bay, W.A. (1); West 
Point, Darwin, N.T. (*3); East Arm, Darwin Harbour, N.T. (*3); Fannie Bay, Darwin, N.T. 
(*1); Port Essington, Coburg Penin., N.T. (3 + *1); Yirrkala Mission, N.T. (5); Groote 
Eylandt, N.T. (2); Gulf of Carpentaria, N.T., at 16°58.5’S,14 0° 0 0’E, 18m (1) and 14°31.5’S, 
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141?11.5'E, 26m (*2); Lizard Is., Q. (2); Batt Reef off Port Douglas, Q. (1); Rowes Bay, 
Townsville, Q. (5); Magnetic Is., Q. (1); Broadhurst Reef, E. of Townsville, Q., 9 m (1); 
Armit and Crassy Is., Whitsunday group, Q. (3); Lindeman and Little Lindeman Is., Q. (16); 
S. Molle Is., off Proserpine, Q. (1); Green Is., near Mackay, Q. (1); Crillett Bay, Swain Reefs, 
Q. (2); Keppel Is. group (5 * *4); Keppel Bay, Q. (1 0); off Port Curtis, Q. (2); off Fairlight, 
Port Jackson, N.S.W., 3 0 ft (1); Gunnamatta Bay, Port Hacking, N.S.W. (1) (southernmost 
record, east coast). 

Author's collection: Rowes Bay and Kissing Point, Townsville, Q. (18 living specimens). 

From localities outside Australia — Australian Museum (Sydney): near Sentosa ls., 
Singapore; Lord Howe 15. 

British Museum (Natural History): Tuticorin Pearl Banks (extreme southeast India). 

U.S. National Museum: 6 0 miles SE of Lami, Kenya (2°42’S, 4 0936”E, 14 О m, Anton 
Bruun 8 Sta. 42 0-A). 

Museum of Comparative Zoology (Harvard University): Native Jetty, Karachi, W. 
Pakistan. 

Specimens probably, but not certainly, belonging to P. deltodes were examined from E. 
Indonesia (Australian Museum), the Persian Gulf (British Museum), and the Red Sea (U.S. 
National Museum). 

Habitat 

Most collections of P. deltodes that include habitat records are from a hard substratum, 
either rock-strewn reefs and flats or coral blocks and heads (‘‘bombies”’). In Rowes Bay, 
Townsville, most individuals were buried upright among cobbles, but one specimen from 
Kissing Point was found wedged horizontally under a large boulder. The large specimen 
collected from Broadhurst Reef was found beneath a bombie (Fig. 5). The usual habitat of 
this species thus may be cryptic, wedged horizontally beneath coral blocks, and the 
symmetrical shell shape and high, curved posterior margin is perhaps an adaptation to 
such a horizontal position. The two specimens from the southern bays of New South 
Wales, one from 30ft, may have been associated with the scleractinian corals that occur 
there at depth (T. Done, pers. comm.). A description of new collections from the Red Sea 
at the Rijksmuseum van Natuurlijke Historie (Leiden) lists P. bicolor as regularly found 
associated with living coral (Marstatter, 1978); the species may actually be P. deltodes. 

The recorded depth range of P. deltodes is from the intertidal zone to 140 m. 

Types 

Rosewater (1961: 199) chose Reeve's figure of Pinna deltodes Menke as the type figure; 
the holotype is presumably lost. The internal shell characters of this figured specimen are 
like the species described here (Fig. 5). The figured shell may not actually be a syntype, 
however. According to Solene Morris of the British Museum (letter of 10 November 1978): 
‘There are two specimens in this lot [of Reeve material]... The larger of the two specimens 
is the figured one, the other, smaller one, is temptingly close in size to the measurements 
published by Menke (1843: 37)... According to Dance (1966. Shell collecting: An 
illustrated history. Faber & Faber, London, p. 294): Menke's collection was "acquired by 
M.J. Landauer and dispersed. For note on coll. see Zilch, 1958 Arch. Moll. 87: 53". Zilch also 
published a photograph of one of Menke's manuscript labels (loc. cit., pl. 4, fig. la). The 
single questionably original label glued to the smaller of these two specimens is not in 
Menke's, Cuming's or Reeve's handwriting and none of the labels indicates that the 
specimens came from the type locality. However, the larger specimen is clearly that 
figured by Reeve and usually, but not always, he cited the locality (“Hab”.) of the 
specimens. But he could also have quoted the “Hab” from the original description. There 
is no evidence with the specimens that suggests (to me) that they actually came from 
Menke, or from the type locality.’ 
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The illustration by Reeve is here considered to be the type figure by subsequent 
designation (Rosevvater, 1961), and the type locality, as given by Menke and Reeve, to be 
near the Victoria River. 

Pinna fimbriatula Reeve from lapan vvas included by Rosevvater as one of the four short, 
vvide forms of P. bicolor. Hovvever, the suite of shell characters of this species do not place 
P. fimbriatula unequivocally in either P. bicolor or P. deltodes: it has coarse spines, a vvide 
sulcas, and a posterior adductor muscle that touches or almost touches the dorsal edge of 
the dorsal nacreous lobe. These three character states place it closest to P. rugosa Sowerby 
of the eastern Pacific and the Atlantic species P. rudis Linne, but its definite placement is 
left open. The holotype is in the British Museum (Natural History). 

The holotypes of both Pinna scapula Hedley and Exitopinna deltodes ultra Iredale in the 
Australian Museum (Sydney) have been examined by me and are not distinguishable from 
P. deltodes. 

COMPARISON OF PINNA DELTODES AND PINNA BICOLOR 

A total of 32 specimens of P. deltodes and 28 specimens of P. bicolor with soft parts and 
shells were examined for nonoverlapping character states. The specimens of P. deltodes 
were from seven localities between Darwin, N.T. and the Keppel Island group in the 
southern Great Barrier Reef (Table 1). Pinna bicolor specimens came from ten localities 
with a broader geographic range: Denham, W.A., across northern Australia, along the east 
coast of Queensland and New South Wales, and Kangaroo Island, S.A. Four of the localities 
provided wet specimens for both species. 

Differences in the distribution of gland cells along the inner mantle fold distinguish 
Pinna deltodes from P. bicolor (Fig. 1) and correlate with differences in position of the 
posterior adductor muscle scar in relation to the dorsal nacreous lobe (Figs. 4, 7, 8). 

Posterior Mantle Margin 

In P. deltodes, subepithelial unicellular gland cells are aggregated in regular, sharply 
defined, pinkish-buff lateral bands along the inner fold of the posterior mantle margin and 
in masses throughout the mantle posterior to the waste canal (Figs. 1, 2, 3). These gland 
cells are packed with coarse granules that do not stain with Alcian blue and are negative to 
periodic-acid-Schiff treatment (PAS), that is, they are not acid or neutral 
mucopolysaccharides (mucins) or muco-or glycoproteins (mucoids). The granules stain 
brilliantly with Orange G in a modified Gomori's trichrome, a test for erythrocytes in 
mammalian tissue, and thus may be formed of a basic protein. Each rounded or irregularly 
shaped cell contains a large vacuole (Fig. 3B); the cell membrane is not distinct. In serial 
sections none of these cells were found to empty through the epithelium to the outside, 
and their function is not known. Besides the aggregates of gland cells visible to the naked 
eye, single cells or small groups of cells are scattered throughout the posterior mantle 
lobe, at the tip of the outer fold, and along the inner surface of and within the middle fold 
(Fig. 3A). 

Pinna bicolor also has granular gland cells with the same staining properties scattered 
densely throughout the posterior mantle lobe; they are aggregated into distinct bands 
within the lobe but not along the inner mantle fold (Fig. 1B). Small specimens of P. bicolor 
may rarely have diffuse, pale-buff bands along the inner mantle fold, but in large 
specimens, even from the same locality as the small banded specimens, these bands do not 
occur. On the other hand, the very distinct bands of P. deltodes are present in specimens 
only 9 cm long and are obvious to the naked eye in the field when the valves are gaping 
(Fig. 2). 

Two other species of Pinnidae and three closely related pteriomorph species were 
examined histologically for similar basic granular gland cells. Both Atrina vexillum (Born) 
and Streptopinna saccata (Linne) contained a few of these gland cells scattered sparsely 
throughout the posterior mantle lobe, but Pinctada sp., Isognomon epiphippium, and 
Isognomon sp. lacked any gland cells that stained with Orange G. Dix (1972) did not report 
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gland cells of this type in a careful histochemical study of secretory cells in the mantle of 
Pinctada maxima (Jameson). 

Shell 

The pattern of the nacreous layer and the position of the posterior adductor muscle scar 
determine generic, subgeneric, and species membership in the Pinnidae (Turner and 
Rosewater, 1958; Rosewater, 1961); unique to the genus Pinna is the sulcus which divides 
the nacreous area into dorsal and ventral lobes (Fig. 4). 

In all wet specimens of P. deltodes examined (Table 1), the posterior adductor muscle 
scar was found to touch the posterior edge of the dorsal nacreous lobe (Figs. 4A, 5, 6, 7), 
whereas in P. bicolor shells with soft parts, the posterior adductor muscle was always found 
to lie within the dorsal nacreous lobe (Figs. 4B, 8; see also Rosewater, 1961, Figs. 147, 148, 
151-153). Subsequent examination of all P. bicolor and P. deltodes shells in several 
museums showed no overlap of these two character states in specimens from Australia. 
However, identity of shells from the Indo-Pacific north and west of Australia is often 
ambiguous; the posterior adductor muscle scar almost, but not quite, reaches to the 
posterior edge of the dorsal nacreous lobe in specimens that otherwise appear to belong 
to P. deltodes. 

There are other character states of the shell which usually separate the two species in 
Australia. Pinna deltodes does not attain as great a size as P. bicolor; the largest shell 
known (Fig. 6) is 125 mm shorter than 495 mm recorded for a large P. bicolor (Rosewater, 
1961). Spines sometimes occur on shells of P. bicolor, but not P. deltodes. The colour of P. 
bicolor is variable, including horn in specimens from the south coast of Australia; P. 
deltodes is always a horn colour. 

Although shell-shape is markedly variable in both species, each has a common and 
distinct shape with P. deltodes usually nearly symmetrical and P. bicolor typically 
asymmetrical (Fig. 4). The difference in shape can be expressed (1) by the ratio between the 
length of the dorsal posterior margin and longest shell length, more than twice as great in 
P. deltodes as in P. bicolor, and (2) by the shorter dorsal margin of P. deltodes relative to 
longest shell length (Table 2; Fig. 4). The width of shells is about one-half the shell length in 
P. bicolor and nearly three-quarters the shell length in P. deltodes. The posterior adductor 
muscle scar of P. deltodes lies anterior to the mid-point of the shell in more than one-half 
the specimens examined, whereas in nearly all P. bicolor shells the posterior adductor lies 
further posteriorly than the mid-point (Table 2, expressed as the ratio between the length 
of anterior to posterior adductor and the length of the posterior adductor to posterior 
shell margin; the mid-point position is 1.00). The greater shell width of P. deltodes is 
reflected internally in the greater width of the sulcus between the nacreous lobes, on 
average twice as wide as in P. bicolor. Length of the ventral nacreous lobe relative to the 
dorsal lobe distinguishes the Atlantic species P. rudis and P. carnea, but this character is 
variable in both P. deltodes and P. bicolor. 

Marked differences in shell shape are not present in shells less than about 12 cm in 
length. 

Habitat 

Although P. bicolor occurs with both P. deltodes and Atrina vexillum on the mixed sand 
and cobble flats in Townsville, Qld., it is most often reported from finersediments. Unlike 
P. deltodes, P. bicolor may form extensive beds either intertidally on sand and mud flats 
(Womersley and Edmunds, 1958, pl. 10, fig. 2) or subtidally (Butler and Brewster, 1979), 
often with sea-grass or along edges of mangroves. Depth records for P. bicolor are 
shallower than for P. deltodes; the deepest P. bicolor record is 15m from Ship Rock, Port 
“Hacking, N.S.W. (coll. Australian Museum), less than the records of 18and 26m in the Gulf 
of Carpentaria and 140m off Kenya for P. deltodes. 

Growth 

Length-frequency distributions of P. deltodes (N = 18) and P. bicolor (N = 12) collected 
randomly from the sparse populations present on the cobble flat in Rowes Bay, Townsville, 
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in May 1978 were compared with those published for P. bicolor in South Australia over a 
three-year period (Butler and Brewster, 1979). Although the sample sizes from Townsville 
are very small, the data are suggestive and some conclusions can tentatively be made about 
these intertidal populations. 

There was no specimen of P. bicolor greater than 16.4 cm, with the modal length lying 
between 12.0 and 14.0 cm (Fig. 9). Butler and Brewster (1979) ascertained that the greatest 
size attained by the 0-year-class in South Australia is nearly 20 cm, and that a modal length 
of 13-14 cm was already reached or surpassed by February in three different years. It is 
therefore inferred that the Rowes Bay population is lost during thesummer monsoons and 
re-established regularly by larval recruitment during the late summer. If length-frequency 
data of P. deltodes from Rowes Bay are compared with those of P. bicolor, the modal 
length of the 0-year-class is seen to be less, between 10 and 12 cm (Fig. 9). As P. deltodes is a 
smaller species than P. bicolor, the second peak of P. deltodes at 20-22 cm perhaps 
represents a 1-year-class in Rowes Bay. 
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Table 1. Geographic distribution of specimens with soft parts examined for Pinna deltodes and P. 
bicolor. 

Number of specimens 
Locality P. deltodes P. bicolor 

Woodman's Pt., 
Fremantle, W.A. 

Denham, W.A. 

East Arm, Darwin 

Harbour, N.T. 3 

West Point, 

Darwin, N.T. 3 

Fannie Bay, 
Darwin, N.T. 1 

Pt. Essington, 

Coburn Penin, N.T. 1 1 

Gulf of Carpentaria 2 

Rowes Bay, 
Townsville, Q. 18 12 

Keppel Is. group, Q. 
(see Figs. 7 and 8) 4 1 

Tin Can Bay, 
NE of Gympie, Q. — 

Moreton Bay, Q. a 

1 

2 

Port Hacking, N.S.W. = 1 

Kangaroo lIs., S.A. = 5 

Total 32 28 

Table 2. Means and ranges of shell measurements and their ratios in selected Pinna 
deltodes and P. bicolor shells. 

Measurement or Ratio* P. deltodes P. bicolor 

dorsal post. margin (3) X 0.48 0.21 
: length (6) Range 0.57-0.90 0.08-0.37 

N 8 9 

width (5): length (6) X 0.69 0.50 
Range 0.52-0.89 0.36-0.75 

N 8 13 

dorsal margin (4) X 0.72 0.95 
: length (6) Range 0.56-0.93 0.78-1.04 

N 8 9 

ant. to post. Exi 1.03 1.18 
adductor (1): post. Range 0.65-1.44 0.74-1.62 
adductor to post. N 31 21 
shell margin (2) 

width of sulcus in X 0.5 0.25 
mm (7) Range 0.3-1.0 02-0.5 

N 24 15 
*Refer to Figure 4 for key to measurement number. ) 
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Fig. 1. A. Pinna deltodes Menke and B. Pinna bicolor Gmelin; left valves removed to show 
the distribution of bands of mantle gland cells. Rowes Bay, Townsville, Qld.: 1 — inner 
mantle fold; 2 — gland cells in posterior mantle lobe; 3 — pallial organ. Scale = 3 cm. 
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Fig. 2. Pinna deltodes with gaping valves, in situ, Rowes Bay, Townsville, Qld. showing 
sharply defined bands of gland cells along the inner fold of the posterior mantle margin. 
Scale = 5 cm. 
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Fig. 3. A. Pinna deltodes, cross-section through glandular band of inner mantle fold, 

stipples indicate gland cells. B. single gland cell.1 — outer mantle fold; 2— middle mantle 

fold; 3 — glandular inner mantle fold; 4 — periostracal sheet, thickness exaggerated; 5 — 

blood vessel; 6 — basophilic, periostracum-secreting epithelium; 7 — 'eye of Will'; 8 — 

pallial nerve; 9 — glandular area of posterior mantle lobe. 
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Fig. 4. Inside left valves of Pinna deltodes (A) and P. bicolor (B) showing position of 
nacreous lobes and posterior adductor muscle scars, indicated by concentric lines. 
Measurements are those referred to in Table 1: 1 — anterior to posterior adductor; 2 — 
posterior adductor to posterior shell margin; 3 — dorsal posterior margin;.4 — dorsal 
margin; 5 — width; 6 — length; 7 — width of sulcus. 
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Fig. 5. Internal vievv of left valve of Pinna deltodes Menke 1843 figured by Reeve (1858), 
subsequently designed as type figure by Rosewater (1961); dorsal margin at right, posterior 
margin at top; cf. Fig. 4. Scale in cm. (British Museum [Natural History] 1952.9.15.1. 
Photograph by Mr. Jim Brown, by permission of the Trustees of the BM[NH].) 
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Fig. 6. Outer right and inner left valve surfaces of large specimen of Pinna deltodes with 
typical shell shape. Broadhurst Reef east of Townsville, Qld., 9 m under ledge of bombie. 
Scale 3 cm. (Aust. Mus. c.104655. Photographs by courtesy of the Australian Museum.) 
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Fig. 7. Outer right and inner left valve surfaces of Pinna deltodes, south end of Keppel Is., 

Qld. Soft parts and histologic sections of mantle edge examined. Scale 3 cm. (Aust. Mus. 

c.109018. Photographs by courtesy of the Australian Museum.) 
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Fig. 8. Right valve of Pinna bicolor shovving outer and inner surface, south end of Keppel 
Is., Qld. Soft parts and histological sections of mantle edge examined. Inner view is 
reversed image of right valve. Scale 3 cm. (Aust. Mus. c.109019. Photographs by courtesy of 
the Australian Museum.) 
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Fig. 9. Length-frequency distribution of Pinna deltodes and P. bicolor on flats in Rowes 
Bay, Townsville, Qld., May 1978. 
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ABSTRACT 

Two new species of Conus, belonging to the “group” Endemoconus, are 
described from deep waters off New Caledonia: C. boucheti sp. nov. and C. 
kanakinus sp. nov. Affinites with closely related species are discussed. 

INTRODUCTION 

Recent dredgings in deep water south of New Caledonia have yielded two undescribed 
species of Conidae. Dredging was carried out in 1978 and 1979 on board R.V. "VAUBAN" 
(Centre O.R.S.T.O.M., Noumea). | wish to express my gratitude to M. Philippe BOUCHET 
of the Museum National d'Histoire Naturelle, Paris, who collected the material and loaned 

it for study. 
Both species have a concave spire and a protuberant shoulder; their elongated body- 

whorl and narrow aperture place them in the “group” Endemoconus Iredale, 1931 (type 
species: Conus howelli Iredale, 1929). This is a group of generally deep-water species, 
known mainly from the W. Pacific. The taxonomic meaning of Endemoconus is not 
discussed here, but is used mainly to show conchological affinities with related species. 

DESCRIPTION OF THE SPECIES 

Conus boucheti RICHARD, sp. nov. 
* Conus sp. 108 ESTIVAL, 1981 

Type Material 

Holotype: M.N.H.N. — Paratypes: M.N.H.N. (1), A.M.S. (1), N.S.M., Tokyo (1), A.I.M. (1). 

Type Locality 

R.V. VAUBAN: 22? 50'S, 167? 15'E, -400 m ("Pointe Sud du Grand Recif”, S.W. of Ile des 
Pins). 
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Material Examined 

Beside the type material, 10 additional shells have been trawled. All come from an area 
within 5 miles of the type locality, at depths between 300 and 430 m. 

Holotype 

The shell is solid, biconical, consisting of ca. 9 whorls with a shallow suture. The 
multispiral protoconch is smooth, horny in colour, and has 2.5 whorls, the apex being 
broken. There are 6.2 teleoconch whorls with a sharp shoulder which is high on the whorl. 
On the spire, the main sculpture consists of numerous, closely set, strong incremental lines 
and there are faint obsolete spiral threads. The part of the whorls situated above the 
shoulder is flat or slightly concave. The body whorl is conical with mainly spiral sculpture: 
there are four punctuated spiral lines closely set just below the shoulder; the others (22 in 
all) are more distantly spaced, the basal ones being broader. The columellar zone makes 
no angle with the inner lip. The outer lip is thin, sharp, with a rather deep posterior notch. 

The ground colour is dirty white, with a few irregular brown blotches on the spire. The 
body-whorl has 8 basal brown spiral bands that occupy the spaces between the spiral 
grooves. The periostracum is thin, transparent. 

The holotype has the following dimensions: height: 17.5 mm — breadth: 9 mm — height 
of the aperture: 14.5 mm — breadth of the aperture: 1.5 mm. 

Paratypes 

M.N.H.N. = 23 x 12 mm — A.M.S. = 24 x 13 mm — N.S.M. TOKYO = 26 x 12.5 mm —A.l.M. 

=18 x9 mm. 

In the 23 mm high paratype, the ground colour varies from light beige to light violet and 
there are additional brown blotches on the body-whorl. 

The largest specimen is 39 mm high. It is an old, encrusted shell butstill shows the colour 
pattern: the additional brown blotches on the body-whorl are numerous, and this is 
probably a character linked with age. 

Conus boucheti is named after my colleague Philippe Bouchet who provided the 
material for study and has been of great help in tracing 19th century collections and 
making many longlost Conidae types available again. 

Comparison With Other Species 

The new species is related to Conus sculletti Marsh, 1962, Conus nadaensis Azuma and 
Toki, 1970, Conus otohimeae Kuroda and Ito, 1961, and Conus kimioi (Habe, 1965), all 

belonging to the same “group” Endemoconus Iredale. 

Conus boucheti is the only species with spiral grooves on the whole body-whorl and is 
unique in its colour pattern of brown basal spiral bands on a lighter body-whorl. 

Conus sculletti is almost smooth and polished; it has a paucispiral larval shell while it is 
multispiral in Conus boucheti. The slightly flared shoulder is also a diagnostic character of 
this S.E. Australian species. 

Conus otohimeae is almost smooth and polished. It hasa crenulated shoulder, while the 
shoulder is even in Conus boucheti, and the incremental lines are weak. The protoconch is 

as in Conus boucheti. 

Conus nadaensis is smooth; its colour pattern consists of a pattern of brown and white 
flammules on the spire, and a white and pink median band on the body-whorl. No material 
was available for examination of protoconch characters. 

Conus kimioi has a light, smooth shell with the exception of 3 to 5 punctuated spiral 
grooves just below the shoulder. The colour pattern is of the brick-wall type. No material 

was available for protoconch examination, but judging from published figures, a 

multispiral type seems to occur. 

The last 3 species are presently known only from Japan and S.E. Asia. 
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Conus kanakinus RICHARD, sp. nov. 

Type Material 

Holotype: M.N.H.N. — Paratypes: M.N.H.N. (1), A.M.S. (1), N.S.M., Tokyo (1), A.I.M. (1). 

Type Locality 

R.V. VAUBAN: 22? 49'S, 167? 12'E, -390 -395 m (S.W. of Ile des Pins). This was the type 
locality of Lyria kuniene Bouchet, 1979 and of Perotrochus caledonicus Bouchet and 
Metivier, 1982. 

Material Examined 

Conus kanakinus is only known from the type material. Two of the paratypes (A.M.S., 
A.I.M.) originated from a haul different than the holotype: 22? 46 S —167° 12 E, -390 -400 m. 

Holotype 

The shell is solid, consisting of 7 whorls with a dominant colour of narrow brown spiral 
bands. 

The paucispiral protoconch is white, tholoid and consists of 1.3 smooth whorls, not 
distinctly set off from the teleoconch. There are a little less than 6 teleoconch whorls, of 
which the gently shouldered body whorl occupies 8/10 of shell height. The spire whorls 
are almost flat, separated by a very shallow suture; the spire is slightly convex with 
exception of the mucronate earlier whorls. The first teleoconch whorl is sculptured by 
strong short axial knobs, 14 in number; they are still present on the following whorl but 
become smoother and more spaced. With the exception of these 2 earlier teleoconch 
whorls, the sculpture is mainly spiral, consisting of 6 discrete finely incised grooves on the 
subsutural zone; the part of the body-whorl situated below the shoulder is smooth except 
for ca. 7 basal spiral raised cords. The axial sculpture consists only in fine incremental lines. 
The aperture is narrow, with the outer lip parallel to the straight columellar zone. 

The ground colour is white with light brown blotches on the spire and narrow brown 
spiral bands below the shoulder of the body whorl. There are 13 such bands which are 
broader near the base; they are not totally continuous but are interrupted here and there 
by spaces of various lengths. 

The holotype has the following dimensions: height: 15.2 mm — breadth: 7.5 mm — 
height of the aperture: 12.7 mm — breadth of the aperture: 1.4 mm. 

Paratypes 

M.N.H.N. 2 17 x9 mm — A.M.S. =13.3 x 8 mm — N.S.M. TOKYO 7214.5 x8mm — A.1.M.= 

11 x 6.6 mm. 

The holotype is only a subadult specimen but has a perfect protoconch. The paratype 1 
(M.N.H.N.) appears to be adult and reaches 17 mm; its protoconch is slightly eroded and 
the teleoconch bears two small holes. 

Conus kanakinus is named after the native people of New Caledonia. 

Comparison With Other Species 

Conus kanakinus is related to Conus caillaudi Kiener, 1845, Conus hirasei (Kira, 1956), 
Conus nielsenae Marsh, 1962, Conus scalptus Reeve, 1843 and Conus typhon Kilburn, 
1975. 

All of them have in common a colour pattern of brown spiral lines. 

Conus hirasei has a multispiral protoconch, while it is paucispiral in Conus kanakinus, 
and reaches adult size around 70-80 mm. It is known only from Japan. 

Conus nielsenae has a sharp shoulder and more numerous brown spiral lines. It is 
known from the Australian region. 
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Conus typhon differs by the same characters as Conus nielsenae; it is a S.W. Indian 
ocean species. Both typhon and nielsenae reach 50-60 mm. 

Conus caillaudi is a poorly known species, but all known shells have a crenulated 
shoulder. They originate from the Indian Ocean and reach 50 mm. 

Conus scalptus can be compared only because of its similar colour pattern of brown 
spiral lines, but differs by its globose shape and broad aperture. It is not part of the 
Endemoconus group. 

M.N.H.N. = Museum National d'Histoire Naturelle, PARIS. 

A.M.S. = Australian Museum, SYDNEY. 
N.S.M. = National Science Museum, TOKYO. 
A.L.M. = AUCKLAND Institute and Museum. 
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Figures 1-4: Conus boucheti 
1-2: Holotype; 
3-4: Paratype 1 (MNHN). 
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Figures 5-9: Conus kanakinus 
5-6: Holotype. 
7-9: Paratype 1 (MNHN). 
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INTRODUCTION 

Helicarion freycineti was the second of the two species associated generically by 
Ferussac (1821). Although H.cuvieri Ferussac was widely believed to be the type of the 
genus, Kennard (1942) has suggested that H.freycineti was selected by Thon (1829). This 
matter will require attention in future work. The object of this paper is to confirm the 
identity of H.freycineti Ferussac as accurately as possible. 

Ferussac stated (1821, p.20): “We do not recognise the shell of this species: the animal is 
larger than that of the preceding species, greyish yellow in colour; blackish above the 
posterior part; marked anteriorly on the sides with spots and blackish lines." Thon (1829), 
who discussed H.freycineti in some detail, stated that the shells broke during the journey 
from Port Jackson "because they were so thin." 

A description of the shell recently credited to Ferussac by Kershaw (1979) was provided 
by Deshayes (Kennard, 1942). A translation of this description was provided by Kershaw 
(1979) who erected a lectotype from syntype material. The nabitat was not in doubt as 
Ferussac stated: “Habit. The area around Port Jackson in New Holland whence this species 
was brought by the naturalists of the expedition of Captain Freycinet" (i.e. Quoy and 
Gaimard). But as Ferussac did not describe the shell and his animal description was 
generalised, it has been considered essential to ensure that the species is now correctly 
recognized. 

IDENTITY OF H.freycineti FERUSSAC 

The material studied and described by Kershaw (1979) by courtesy of Dr. Tillier of Paris 
Natural History Museum consisted of animals collected by Quoy and Gaimard at Port 
Jackson in 1819 and separate animals and shells collected by them at Botany Bay in 1829. 

It now seems apparent that the 1819 animals were those studied by Ferussac and the 
shells had been removed (or broken). Kennard (1942) has made clear that the appropriate 
plate in Ferussac's Histoire (commenced 1819) was Plate 9a published 10th November, 
1821. Although this removes some doubt concerning the fate of the 1819 animals it does 
not follow that the source of Ferussac's figured material is clarified. 

The 1829 material became part of the Ferussac collection and was probably studied by 
Deshayes. There was no animal complete with shell among this material when it was 



60 R.C. Kershaw 

received from Paris. Hence it was important that a complete specimen should be 
compared with the Paris material to confirm its status and provide a basis for further 
comparisons. Appropriate material from Blackheath, west from Sydney, preserved in the 
National Museum of Victoria, was studied and dissected for this purpose. 

Nevertheless, as Iredale (1941) described H.freycineti with “the sides of the foot red, a 
noticeable feature" the matter was not considered finalised. Such colours have been 
found unstable in preservative. But Iredale considered the animal to be grey. The body 
colour of the preserved animals collected by Quoy and Gaimard in 1819 and 1829 was 
described as “pale buff almost khaki" by Kershaw (1979). This concept of a colour between 
cream and yellow was recently checked again using colour slides of these animals in view 
of continued uncertainty. 

Mr. Michael Shea, a well known Sydney collector, has provided (pers.comm.) the 
following information: 

“All the animals of Helicarion freycineti | have seen from Sydney are a greyish colour 
with darker grey veins. Some have reddish mucous around the edge of the foot. | have not 
seen any that were a buff colour" (14 August 1980). 

"H.freycineti has a speckled grey animal with darker grey lines on the foot. There is a 
reddish border around the foot and the mantle lobes have a slight reddish tinge to them" 
(22 November 1981). 

"H.freycineti are creamish with grey on the dorsal surface —when | first collected these, 
the living specimens were an overall speckled grey-brown with a reddish line around the 
edge of the foot and on the mantle laps — these colours faded after the snails were 
drowned and faded even more after being placed in alcohol." (12 May 1982). 

These comments are relevant because they indicate not only the observed features of 
H.freycineti but they show consistency of observation. Furthermore, Mr. Shea has madea 
careful study of distribution of Helicarion species of the Sydney district and has compared 
shells with the Australian Museum collections. 

Preserved material sent by him from Mulgoa, south-west from Sydney, was closely 
studied. This material was compared with Helicarion material from the collections of the 
National Museum of Victoria. Comparisons have also been made with other Helicarion 
species sent by Mr. Shea and Mr. V. Kessner. The Mulgoa material believed to be 
H.freycineti was found to be closely comparable with the Quoy and Gaimard material in 
Paris. The animal is smaller, the colour features intermediate but no detail suggested 
rejection. Dissection of this material proved it to be conspecific with that from Blackheath 
in the National Museum of Victoria mentioned above. 

It was considered desirable to study freshly collected material to widen the base of this 
enquiry. Mr. Shea sent material collected on the 12th May, 1982 and this was studied and 
dissected by the writer in Launceston a few days later. In addition to his remarks quoted 
above, the following observations made on receipt may be added. 

A distinct pinkish tinge remained evident about the caudal horn but the remainder of 
the animal was a creamy tint dominated by dark grey. Blotches and spots were present 
particularly on the mantle and lappets. 

Again the shells and animals proved conspecific with material already studied and 
considered to be H.freycineti. The data obtained from these studies compare satisfactorily 
with Ferussac's description quoted above. In addition these data can include lredale's 
(1941) brief comments. The shell dimensions have proved to be almost identical with those 
of the third shell sent from Paris (Kershaw, 1979). The main difference is that a Mulgoa shell 
is slightly higher. The ribs on the lectotype shell appear to be slightly bolder than those of 
Mulgoa shells. Such variation is not uncommon with shells of Helicarion species in 
Australia. 

A range of material of Helicarion freycineti and of other Helicarion species has been 
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studied. Observations have been made on freshly preserved animals and on animals 
preserved for different periods of time. Changes occur in the preserved animals which are 
not only morphological but also may be superficial. Thus the beautifully coloured 
H.rubicundus Dartnall and Kershaw fades rapidly to off-white when it resembles, at first 
sight, white forms of H.cuvieri Ferussac. In the case of H.freycineti Ferussac the animal 
becomes brownish cream or deep cream with liberal distribution of grey tones. Ultimately 
à deep cream appearance may dominate but no doubt potential variation between 
populations must refute any idea of absolutely consistent colours in preserved material. 

The species Helicarion freycineti, collected by the French naturalists Quoy and Gaimard 
from populations now very sparse or extinct, has been shown to be still present in the 
region surrounding Sydney, New South Wales. It is considered that recognition of the 
species has been consistent since it was first collected. It is hoped that data concerning the 
anatomy, variation and distribution of the species will be included in a future paper. 
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ABSTRACT 

The intertidal nudibranch Hoplodoris nodulosa from New South Wales 
produces transparent egg ribbons which contain 400 to 700 ova. The zygotes 
range from 137 to 141 um in diameter. Development up to hatching takes 16 
days at 22-23?C. Embryos develop in a similar fashion to those of other 
nudibranchs with lecithotrophic development. Newly hatched veligers either 
begin metamorphosis immediately or go through a brief crawling-swimming 
stage for 24 hours before metamorphosis. They do not show any preference 
for a particular type of substratum on which to settle and metamorphose. The 
behaviour of the veligers indicates that this species mode of development is 
demersal rather than pelagic lecithotrophic. 

INTRODUCTION 

In Australia a number of dorid nudibranchs belonging to the genus Hoplodoris Bergh, 
1880 are presently undescribed. This genus is estimated to have at least three species in 
New South Wales and several others elsewhere throughout the Indo-West-Pacific which 
all look extremely similar externally but vary tremendously in their internal morphology 
(Rudman, pers. com.). The present paper describes, for the first time, the egg mass and 
larval development of one of the more common N.S.W. species, H. nodulosa (Angas, 
1864), and compares its development with those of other opisthobranchs found in the 
literature. This information is important if the taxonomy, embryology and zoogeography 
of different species within the genus are to be understood. 

MATERIALS AND METHODS 

Hoplodoris nodulosa was collected intertidally from Long Reef, N.S.W. during the 
autumn of 1976, the summer of 1977 and in February, 1979. All of the nudibranchs 
collected matched the descriptions of specimens recorded by Thompson (1975), Allan 
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(1947) (as Doris (Staurodoris) pustulata) and Angas (1964) (as Doris nodulosa). Specimens 

and whenever possible their respective egg masses were collected and brought back to 

the laboratory. The adults were kept in aquaria. Egg masses and newly hatched larvae were 

kept in glass bowls filled with clean, aerated seawater (33-352605) that was changed daily. 

Identification of the developmental pattern was made from embryos produced in the 

laboratory. Observations were made with a phase contrast microscope. Photographs were 

taken with a camera and flash unit attached to the microscope. 

RESULTS 

Egg masses produced by H. nodulosa were type A (as defined by Hurst, 1967) and type a! 

(as defined by Fernandez-Ovies, 1981). They were spirally coiled, sturdy transparent 

ribbons with double-membraned egg capsules unevenly spaced, two or three layers deep, 

throughout the gelatinous matrix of each ribbon. The capsules encased one orange- 

brown zygote and often contained bubbles of gas; the appearance of these bubbles was 

also observed in egg masses collected in the field. The zygotes were 139 + 2.1 m (n= 10) in 

diameter and the number of zygotes per egg mass ranged from 400 to 700. 

Development up to hatching took 16 days at 22-23°C. The timing of the main stages of 

development are presented in Table 1. Some of these stages are illustrated in Plate 1 (A to 

G). 

First and second cleavage were equal, holoblastic and meridonal (Plate 1, A). Cleavage 

beyond the two cell stage was spiral and at third cleavage formation of the first quartet of 

micromeres was asynchronous. During the blastula stage embryos were flattened dorso- 

ventrally and developed two transparent anal cells postero-ventrally, 24 hours after 

gastrulation. 

The process of gastrulation was a mixture of epiboly and invagination, resulting in a 

blastopore groove developing along the mid-ventral axis through the sagittal plane of the 

body. At this stage, embryos took on a heart-shaped appearance (Plate 1, B). Eventually, 

the groove closed up except for a small light-coloured blastopore located at the antero- 

ventral end of the embryo. The anal cells at this time could be seen on the postero-ventral 

side and to the left of the sagittal plane. 

During the trochophore stage, embryos were triangular in shape. At this time they were 

too opaque for observations on invagination of the stomodoeum or shell gland. 

During the early veliger stage (Plate 1, C), embryos developed metapodial and velar 

rudiments: The marginal cells of the rudimentary velum developed short cilia and the 

large clear anal cells migrated mid-ventrally to the right side of the body. The shell gland 

everted and spread across the dorsal and lateral surfaces of the embryo, nearly completing 

the embryonic shell. During this period the advancement of the secretion of the shell over 

the antero-dorsal surface of the embryo was marked by a ridge of hyaline cells, which 

stopped just at the neck of the rudimentary velum. At this time the visceral mass was 

undifferentiated. 

The first signs of movement occurred during the middle veliger stage. Embryos at this 

time could be seen slowly and smoothly rotating inside their capsules. During this stage a 

mantle cavity developed and the rudimentary velum became bilobed. The rudimentary 

metapodium became longer and narrower, and the ventral side or sole developed short 

cilia like that found on the velum. Towards the end of the middle veliger the shell had 

completely formed, but it remained attached to the cephalopedal region along the 

anterior margin of the shell aperture by the mantle. At the beginning of the middle veliger 

the visceral mass separated from the shell, forming a large perivisceral cavity. Towards the 

end of this stage the viscera had differentiated into a foregut, midgut or stomach with two 

asymmetrical digestive diverticula, and a hindgut. In the postero-lateral region of the 

embryos, and just posterior to the anus, a large clear vesicle developed. This vesicle 

remained right through metamorphosis and into the juvenile stage. It may have been the 

secondary larval kidney, since it was retained at the juvenile stage; according to Horikoshi 

this also happened in Philine denticulata (Adams) (cited in Bonar, 1978). 
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Embryos at the late veliger stage had a well developed cephalopedal region (Plate 1, D). 
The foot possessed an operculum and the velum (which also had a subvelum) was 
composed of thick cells with locomotory cilia. The mantle cavity was well developed, 
especially on the right side, and the mantle was detached from the shell, allowing the 
embryos to retract completely into theshell. At this stage embryos had developed a pair of 
small statocysts which were barely distinguishable at the proximal end of the foot. A faint 
pair of eyes could be seen at the base of the neck of the velum; they became more 
apparent after hatching. The foregut during the late veliger became fully differentiated. 
The mouth appeared as a large, deep ciliated pit situated antero-ventrally between the two 
velar lobes. The oesophagus was straight, short and wide, and entered the stomach 
anteriorly. The semi-transparentstomach was kidney shaped and positioned between, but 
slightly posterior to, the midgut diverticula. The left diverticulum was approximately three 
times as large as the right.It was composed of a number of small cells of which the 
peripheral ones were empty while most of the inner cells were partially filled with yolk. 
The right midgut diverticulum was a small, spherical organ that was densely pigmented. 
The hindgut was a thin, transparent tube that left the posterior end of the stomach dorsally 
and looped upwards across the dorsum to the right side of the mantle cavity, where it 
entered the anus. The nephrocysts (or paired 'unicellular primitive kidneys") which were 
translucent and difficult to discern were situated in the dorso-lateral region of the neck of 
the velum, adjacent to the statocysts. The clear vesicle increased in size during the late 
veliger but did not appear to communicate with the exterior. The larval retractor muscle 
was not noticed during the late veliger but it was detected after hatching in the larvae. The 
muscle was thin, translucent, fibrous and difficult to see. 

Hatching began on the 16th day after oviposition. The newly hatched lecithotrophic 
veligers had transparent, sinistrally coiled, type 1 shells (as defined by Thompson, 1961). 
The arrangement of their visceral mass was hyperstrophic. The length of the newly 
hatched larva along the longitudinal axis was 167 + 2.4 um (n = 10). Veligers were negatively 
phototactic and they spent most of their time crawling, although they were capable of 
brief periods (less than 10 seconds) of swimming. The foot rather than the velum was the 
principal organ of locomotion (Plate 1, E). While swimming some of the veligers would 
partially expand their velar lobes for a few seconds but they were never expanded, even 
partially, when crawling. One-third of the veligers started metamorphosis during or 
immediately after hatching, while the other two-thirds started about 24 hours later. Those 
that delayed metamorphosis eventually stopped swimming altogether and settled on to 
the surface of their egg masses, the bottom of their glass bowls or on to algal filaments. 

The entire process of metamorphosis lasted about 24 hours, regardless of when it began, 
and by the second day after hatching all veligers had developed into the juvenile benthic 
form. The onset of metamorphosis was characterized by four visible events which 
happened concurrently: firstly, within the mantle cavity, the mantle reflexed over the 
entire dorsum of the veliger and spread posteriorly; secondly, resorption of the velum 
commenced; thirdly, the eye spots darkened; and fourthly, the propodium and 
metapodium thickened distally. 

Two hours after settlement theshell and operculum were cast, and a partially developed 
juvenile could be seen (Plate 1, F). By this time the velum had already been resorbed and 
two rudimentary cephalic buds had appeared in their place. The statocysts had 
disappeared and the remains of the larval retractor muscle could be seen as a clump of 
cells attached to the dorsum mid-posteriorly. The mantle, which had spread half way over 
the dorsum, could be seen as a thick layer of epidermal cells without any spicules. The 
darkly pigmented midgut diverticular and stomach, which were anterior to the clear 
vesicle were located mid-dorsally and had not sunk into the central region of the foot. The 
renal gland could be seen as a dark spherical mass of cells protruding slightly from the 
posterior end of the body. The posterior translocation of the renal gland in the early 
benthic juvenile was the only external evidence that detorsion had occurred during 
metamorphosis. 3 

In the next 12 hours, the mantle continued to spread over the viscera and began to 
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extend upwards and laterally to form a mantle skirt, which became embedded with 

spicules. By the 24th hour after the start of metamorphosis, the viscera had sunk into the 

central region of the foot. At this stage, the mantle and skirt had expanded over the 

dorsum but had not enclosed the renal gland; the mantle had also developed papillae 

reinforced with spicules. Three days after settlement juveniles had two longitudinal rows 

of dorsal papillae (Plate 1, G). Four of five days after settlement the juveniles had grown 

two long cephalic projections. Whether these projections were the rhinophoral or oral- 

tentacle rudiments were not determined. Juveniles at this time still contained yolk reserves 

and were 570 + 7 um (n = 10) in length. They were not reared beyond this stage. 

DISCUSSION 

According to the morphological and behavioural characteristics of the larva, the 

development of opisthobranch molluscs can be classified as being planktotrophic (pelagic 

feeding veliger; Type 1), lecithotrophic (pelagic non-feeding veliger; Type 2), or direct 

(non-pelagic benthic larva; Type 3) (Thompson, 1967). Direct development can be further 

divided into capsular metamorphic veliger (metamorphosis occurs within egg capsule; 

cap. Type 3) or capsular ametamorphic embryogenesis (veliger stage is reduced or 

omitted; ameta. Type 3) (Bonar, 1978). The larval development of H. nodulosa is Type 2. 

However, the behaviour and settlement requirements of its larvae are different to those of 

other nudibranchs with Type 2 development. In many respects, the veligers are similar to 

the demersal larvae described by Mileikovsky (1971) and to a lesser extent a variation of 

cap. Type 3 larvae. 

Unlike the pelagic periods of Adalaria proxima (Alder & Hancock) (Thompson, 1958) 

and Tritonia hombergi Cuvier (Thomspon, 1962), the length of time between hatching and 

completion of metamorphosis for the larvae of H. nodulosa can not be divided into 

distinguishable “obligatory” and “searching” phases for three reasons: first, as in Cuthona 

adyarensis (Rao) (Rao, 1961) and Cuthona nana (Alder & Hancock) (Rivest, 1978), the larval 

period is too short (no more than 48 hours) and during this time the larvae never change 

their phototactic behaviour. They do not switch from being positively to being negatively 

phototactic like that of A. proxima and T. hombergi when changing from the “obligatory” 

to the "searching" phase (Thompson, 1958 and 1962). Second, H. nodulosa veligers do not 

appear to undergo any obvious external changes like those described for A. proxima and 

T. hombergi (Thompson, 1958 and 1962, respectively) or for Phestilla sibogae Bergh (Bonar 

& Hadfield, 1974). Veligers of H. nodulosa at hatching already have a well developed or 

“inflated” propodium for cravvling and a mantle vvhich is dravvn back some distance from 

the shell aperture; P. sibogae does not show these features at hatching (Bonar & Hadfield, 

1974). Third, the larvae of H. nodulosa are unable to delay metamorphosis during the 

“searching” phase as can A. proxima and T. hombergi (Thompson, 1958 and 1962). 

Furthermore, unlike these tvvo species and P. sibogae (Harris, 1975), they do not require 

the respective prey species of the adults as a substratum on which to settle. Veligers of H. 

nodulsa metamorphose either on their glass containers or on their egg masses. In this 

respect, they are similar to those of the aeolids C. adyarensis (Rao, 1961) and C. nana 

(Rivest, 1978); the veligers of thesespecies also do not show a preference for any particular 

substratum on which to settle and metamorphose. The time that metamorphosis begins in 

H. nodulosa varies with each larva but like Trippa spongiosa (Kalaart) (Gohar & Soliman, 

1967) some begin resorbing their velum immediately after hatching. 

The larvae of H. nodulosa have a short pelagic phase and no specific settlement 

requirements. The length of the pelagic period of H. nodulosa is somewhere between 

those of C. adyarensis and C. nana. Veligers of C. adyarensis (Rao, 1961) are pelagic for up 

to 24 hours while those of C. nana are totally non-pelagic and remain on the bottom of 

their glass containers after hatching, even when beating their vela (Rivest, 1978). Veligers 

of H. nodulosa are capable of short periods of weak swimming for about 24 hours, using 

primarily their pedal cilia. Furthermore, while swimming they never reached a height of 

more than 10 cm above the bottom of the aquarium. The feeble swimming technique of 

the veligers, especially when coupled with their negative phototatic behaviour, suggests 

that their ability to sustain an existence in the plankton, even for 24 hours, is questionable. 
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Alternatively, their development could be a variation of demersal development (i.e., 
larvae spend their pelagic period in the bottom water layers from hatching to the final 
stages of metamorphosis) (Mileikovsky, 1971). 

The development of H. nodulosa could also be considered a variation on cap. Type 3 
development like that found in Tenellia pallida (Alder & Hancock) (Eyster, 1979). Embryos 
of this species pass through a veliger stage and metamorphose inside their capsules before 
hatching as benthic juveniles. However, the larvae of T. pallida sometime hatch as shelled 
juveniles capable of swimming, although they do so with great difficulty and never for 
more than an hour (Eyster, 1979). When this happens the developmental pattern of T. 
pallida is comparable to that of H. nodulosa from an ecological perspective. That is, both 
have a non-pelagic, or at best a brief pelagic period before the completion of 
metamorphosis. 

Detailed investigations on metamorphosis in opisthobranchs have been published by 
Thompson (1958, 1962), Smith (1967), Tardy (1970), and Bonar & Hadfield (1974). No similar 
analysis of metamorphosis will be attempted here but certain preliminary observations on 
some of the morphogenetic events will be considered. However, they need further 
confirmation by histological sectioning of the larvae. 

Until the study of P. sibogae (Bonar & Hadfeild, 1974), Tenellia ventilabrum Dalyell 
(Tardy, 1970) and Elysia chlorotica (Gould) (Bonar, 1978) the dorsal epidermis in 
nudibranchs and shell-less sacoglossans was believed to always be derived from the 
thickened tissue of the mantle prior to, or during, metamorphosis. Evidence of this came 
from work on A. proxima (Thompson, 1958) and T. hombergi (Thompson, 1962) and 
Aeolidiella alderi (Cocks) (Tardy, 1970). In thesespecies the thickened tissue of the mantle, 
within the shelled veliger, everts itself over the dorsal and lateral surfaces of the body. 
While spreading posteriorly, the everted mantle fuses with the underlying perivisceral 
membrane (Thompson, 1958, 1962 and Tardy, 1970). However, in P. sibogae, it is the lateral 
surfaces of the foot whose cells proliferate and spread over the visceral mass to form the 
dorsal integument of the benthic juvenile. Sections through metamorphosing larvae of E. 
chlorotica show the tissue of the mantle and the tissue of the floor of the mantle cavity to 
be thin, like those of P. sibogae (Bonar, 1978). According to Bonar (1978) this evidence 
along with similar histological evidence for T. ventilabrum (Tardy, 1970), suggests that in 
these two species the dorsal epidermis also originates from the pedal epidermis. The 
dorsal epidermis of benthic juveniles of H. nodulosa appears to originate from the mantle 
in the manner described for A. proxima, T. hombergi and A. alderi. The observed origin of 
the dorsal epidermis of H. nodulosa and the fact that it has a type 1 protoconch 
(Thompson, 1961) indicate that H. nodulosa is also a representative of Tardy's (1970) type 1 
development. 

As with most nudibranchs, there is no evidence of 180? twisting of the visceral mass in H. 
nodulosa veligers. The only sign of torsion in H. nodulosa is in the migration of the anal 
cells (at the end of gastrula) from a postero-ventral position to the right side, near the anus. 
Otherwise, the visceral organs develop in a post-torsional position. During 
metamorphosis the intestinal loop and the anal complex in the mantle cavity appear to be 
posteriorly translocated by the spreading of the reflexed mantle. The process of detorsion 
in H. nodulosa appears to be like that described for A. proxima and T. hombergi 
(Thompson, 1958 and 1962, respectively). 

The short dispersal phase (48 hours at most) and the weak swimming ability of the Type 2 
veligers of H. nodulosa suggest that this species is unable to cross large expanses of water. 
This may partly explain why its recorded distribution includes only Australia (Burn, cited 
by Thompson, 1975). Unless the adults (and their egg masses) can cross large expanses of 
water by living on floating debris or on the hulls of ships, like that of Phidiana lynceus 
Bergh (Edmunds, 1977), for example, it is unlikely that this species can be widely spread 
throughout the Pacific. However, according to Kay & Young (1969) it is possible that 
Carminodoris nodulosa (Angas) from Hawaii and H. nodulosa from New South Wales are 
synonymous. An illustration of C. nodulosa by Bertsch & Johnson (1981) shows this 
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nudibranch to be remarkably similar to H. nodulosa from eastern Australia. It would be be 
interesting to compare the larval development of both nudibranchs and to review their 

taxonomy. Such a comparison would help clarify the geographical range of H. nodulosa. 
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Table 1. Hoplodoris nodulosa. Chronology of developmental stages from oviposition to hatching for 
embryos incubated at 22-23°C, 

Time Developmental Stage 
(hours) 
0 Oviposition 
4 Explusion of 2nd Polar Body 
6 First Cleavage 
12 Second Cleavage 
13 Third Cleavage 
18 Fourth Cleavage 
21 Morula 
24 Blastula 
(days) 
2.8 Gastrula 
3.5 Trochophore 
4 Early Veliger 
6.6 Middle Veliger 
10 Late Veliger 
16 Hatching 

Key to Lettering 
Anus (a); anal cells (ac); clear vesicle (cv); eye spot (es); hindgut (hg); larval retractor muscle 

(Im); left midgut diverticulum (Id); locomotory hac} mantle (m); metapodium (mp); mouth 
(m); operculum (op); papillae (p); partially resorbed velum (pv); propodium (pp); renal gland 
(rg); right midgut diverticulum (rd); rudimentary cephalic projections (cp); rudimentary 
metapodium (rm); rudimentary velum (rv); shell (sh); shell Brandan spicules (sp); statocyst (s); 
stomach (st); subvelum (sv); velum (v); visceral mass (vm) 
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Plate 1. Hoplodoris nodulosa A. Unfertilized ovum and four-cell stage 12 hr after oviposition. B. 
Lateral view of 2.8-day old gastrula; note heart-shaped appearance and anal cells. C. Right view of 4- 
day old early veliger showing anal cells, rudimentary velum and metapodium. D. Ventral view of a 
fully developed late veliger embryo which is 10 days old. E. Right-lateral view of a newly hatched free- 
swimming veliger. F. Right-lateral view of a metamorphosing veliger with shell recently discarded; 
note remains of larval retractor muscleseen as a clump of clear cells. G. Right-lateral view of three-day 
old juvenile. 



Favorinus tsuruganus J. Malac. Soc. Aust. 6(1-2): 71-79 

DESCRIPTION OF THE AEOLID NUDIBRANCH 
Favorinus tsuruganus BABA AND ABE, 1964 
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ABSTRACT 

Favorinus tsuruganus Baba and Abe, 1964 (Opisthobranchia: Nudibranchia) is 
redescribed from material taken in Queensland and New South Wales waters. 
Characters of its external anatomy, alimentary and reproductive systems (e.g., 
structures of propodial tentacles, ceratal arrangement, jaws, penis), as well as 
the behaviour of living animals agree well with those known not only for 
Japanese specimens but also for Favorinus species in general. The radular 
teeth are unusual, but not exceptional, in having smooth sides to the cusp. 
Coloration and shape of the rhinophores are the most distinctive features. 

INTRODUCTION 

The aeolid fauna of Australia is rich and diverse. Intense collecting by myself in 
Queensland over two years has revealed 51 species; a total that belies impressions of the 
rarity of aeolids in tropical seas (e.g., Miller, 1969). Aeolids are certainly encountered rarely 
in time and space in such latitudes (33 species from the above total are known to me by 
four specimens or less) when general collections of opisthobranchs are made. These 
nudibranchs are often found only on a specific food, and once this food has been located 
there is every likelihood that a particular species will be encountered. Statements as to the 
rarity of aeolids in tropical seas are based in general on relatively short sorties, and are 
accompanied by little knowledge of their particular foods and have come from shore- 
based workers. Collections of nudibranchs in a particular area over relatively long periods 
of time usually reveal large numbers of aeolid species (e.g., Risbec, 1928; 1953). | fully 
concur with Rudman (1979) that there is in fact high species diversity amongst the 
Aeolidacea in tropical seas. 

Favorinus tsuruganus was first described from Japan from one specimen (Baba and Abe, 
1964). Two further specimens enabled an extended redescription to be published later 
(Baba and Abe, 1975). This species is obviously rare in Japan. It appears to be relatively 
common, by aeolidacean standards, subtidally in Queensland and New South Wales — 
four specimens were collected between July 1980 and August 1981. 

GENUS Favorinus M.E. Gray, 1850 

Type species (by monotypy) Eolis alba Alder & Hancock, 1844 (= Favorinus branchialis 
Rathke, 1806) (1.C.Z.N., 1966). 
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The genus was traditionally at the hub of the family Favorinidae until it was 
amalgamated, along with the closely related Facelinidae, as two separate subfamilies 
within the enlarged family Glaucidae (Miller, 1974). An account of the somewhat tortuous 
history of the Favorinidae is given in Miller's paper. 

Favorinus is an advanced aeolid genus in that there is no notal brim, the anus is 
cleioprotic and the certata are grouped into arches. About a dozen species of Favorinus 
have been described previously, more than half of them from the Pacific Ocean. One, F. 
pannuceus Burn, has a type locality in Victoria, Australia. 

Favorinus tsuruganus Baba and Abe, 1964 (Fig. 1-15) 

SYNONYMY 

1964, Baba and Abe: 163-164, fig. 1; 1975, Baba and Abe: 117-120, fig. 1. 

EXTERNAL MORPHOLOGY 

The Australian specimens are described below to permit a complete comparison with 
Japanese material, to clarify the structure of the rhinophores, and to delineate F. 
tsuruganus from other described Favorinus species. The following account is based on 
four living specimens. 

Animals have been up to 14 mm long when crawling in the fully extended state. The 
body and foot are elongate and the broad back is flattened in the midline. The foot is 
relatively wide; even so when the animal is crawling its foot remains obscured by the back 
and cerata. The foot is parallel-sided and pointed posteriorly, and the broad tail just 
extends behind the hindmost cerata. The largest specimen had a tail that was rounded 
posteriorly. At its anterior margin the foot is extended into a pair of narrow, backward- 
arching propodial tentacles. These tentaculate foot margins possess a longitudinal groove 
ventrally that extends down their entire length (Fig. 3), and are dorso-ventrally flattened 
and broader than the oral tentacles, but only half as long as these latter organs. The oral 
tentacles are round in cross section, very elongate and flexible, and they taper to sharp 
points apically. They are half as long again asthe largest cerata on the back. After a week in 
captivity the oral tentacles of the smallest specimen regressed to stubs of equal length to 
the rhinophores, but no autotomy of the distal sections was indicated. The rhinophores 
are most distinctive. They consist of a tall axis which is blunt-tipped, and there are three 
large, equal-sized, overlapping flanges arising close to the middle of the rhinophore (Fig. 
4). These flanges are thin, their upper margins are free from the axis and fluted, and they 
curve around the axis to join it anteriorly and posteriorly. During locomotion the 
rhinophores are held erect, tilted slightly forward and diverging at an angle of about eighty 
degrees. The rhinophores are quite flexible and can readily be contracted downwards 
when touched with a needle. 

Anteriorly the first two clusters of cerata can be discerned as being grouped discretely 
(although the actual arrangement of cerata within these clusters is not able to be 
delineated from the living animal because they are so numerous). Behind the second 
cluster it is not possible to assign cerata to particular clusters in the living animal. The cerata 
are narrow and fusiform. Those closest to the midline arch slightly over the back; those 
towards the outsides of the clusters stand out obliquely from the body. The cerata are 
clustered in seven pairs of tight groups; they are arranged in arches towards the front of 
the animal, in rows in the hindmost two or three groups. Resolving their arrangement and 
numbers in preserved specimens proved a difficult task because many of them were 
autotomized during fixation in all the specimens. One specimen cast off several of its 
cerata when it was collected, but regeneration of most of them had begun one week later. 
The numbers of cerata per group that could be counted in two specimens are as follows. P 
indicates the position of the pericardium. 

Specimen 1 (right side): 5; (P); 10; 11; 9; 6; 6; 3. 

Specimen 2 (left side): 11; (P); 9; 8; 6; 4; 5. 



Favorinus tsuruganus 73 

The reproductive apertures are situated at the base of the first ceratal arch. The anus is 
cleioprotic, opening high on the right side within the second ceratal arch. It is situated a 
little rearwards of the centre of this arch (Fig. 2). 

COLOUR 

The back of the body and oral tentacles are opaque white. The foot is translucent white 
as are the propodial tentacles. The head is golden-yellow or brownish-yellow on both its 
dorsal and ventral surfaces. Dorsally this yellow colour extends from the bases of the oral 
tentacles rearwards to the bases of the rhinophores; ventrally it covers the head, mouth 
and lips, and reaches the anterior foot margin. The rhinophores are entirely black. The 
cerata have a translucent epithelium that lacks superficial pigmentation. Internally the 
digestive diverticulum, which is dense but somewhat more diffuse proximally, is orange. 
The cnidosac at the apex of each ceras is black (Fig. 5). 

INTERNAL ANATOMY 

The salivary glands are lobulate and very small. They consist of a short, broad duct and 
cluster of spherical acini (Fig. 9). 

The penis (Fig. 15) is a simple "glans". It is U-shaped with the two limbs closely 
adpressed. It is relatively stout, unarmed, and pointed apically. The lower half of the distal 
limb is surrounded by a thin sheath which has been partially removed in the specimen 
illustrated. 

RADULA (Figs. 7, 8, 10, 11) 

Formula 0.1.0. The number of teeth in the four specimens | have examined are 17,16, 14 
and 14. All the teeth in the radula consist of a highly arched base with perfectly truncated 
posterior-lateral faces to the limbs, and a narrow, elongate cusp that projects well in 
advance of the base. Both sides to the cusp are completely smooth and the apex is very 
sharply pointed (Figs. 7, 10). In profile the lower surface of the cusp is seen to be straight 
whilst the upper surface is convex (Figs. 8, 11). Mature teeth nearest the growing end of the 
radula are 92 um wide (distance measured between the two limbs of the base) and their 
cusps are 105 um long. 

JAWS (Figs. 6, 12-14) 

The two jaws are large and well-cuticularised structures. Their shape is elongate-ovate, 
their length (0.92 mm) is almost double their maximum width (0.50 mm) (maximum width 
measurement excludes masticatory border). The jaws meet anteriorly at narrow, rounded 
apices. The ventral margin is smooth and evenly convex. The thin dorsal margin is 
expanded anteriorly, and there is a broad, pronounced indentation at the anterior third. 
The ventral side carries a prominent, wide, much-thickened masticatory border which is 
0.70 mm in length and free for one-quarter of that distance. The border is narrow 
anteriorly and widens progressively posteriorly to reach its maximum width in front of the 
free posterior section. The border bears numerous, thickened, upstanding denticles along 
its entire length (Figs. 12-14); those at the outer margin being tallest (up to 304m in height) 
— these denticles are tall, parallel-sided and erect. There are numerous (approx. 5) rows of 
denticles along the masticatory border, they decrease progressively in height so that those 
most remote from the outer margin are merely low granules. 

MATERIAL EXAMINED 

NEW SOUTH WALES 

1specimen (11 mm extended crawling length), found on the undersurface of a stone, on 
substrate of clean coarse sand, 7.6 m, “The Nursery", northern side of Julian Rocks, off 
Cape Byron, northern New South Wales, R.C. Willan, 13 July 1980. 
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QUEENSLAND 

1specimen (14 mm), found crawling over rubble, 12 m, at base of drop off, S.E. corner of 
larger islet, Shag Rocks, N.W. of Point Lookout, eastern side of North Stradbroke Island, 
southern Queensland, R.C. Willan, 7 August 1981; 2 specimens (both 13 mm) found 
together beneath the same dead coral slab, 13.7 m, N.N.W. face of Shag Rocks, N.W. of 
Point Lookout, eastern side of North Stradbroke Island, southern Queensland, M.P. 
Ready, 5 December 1980. 

ADDITIONAL RECORDS 

Mr R. Burn has kindly supplied me with three additional locality records: 1 specimen, 9- 
12 m, Broadhurst Reef, off Townsville, Queensland, |. Loch, November 1974 (Australian 
Museum, C 96579); 1 specimen, Coffs Harbour, northern New South Wales, August 1979; 1 
specimen, shallow subtidal, Green Point, Sydney, New South Wales, R. Kuiter, 20 April 
1977 (Australian Museum, C 106238). 

GEOGRAPHICAL AND BATHYMETRIC RANGES 

Favorinus tsuruganus is now known in eastern Australia from Townsville, Queensland to 
Sydney, New South Wales. It would appear to be commonest in the centre of that range 
i.e., from Coffs Harbour to North Stradbroke Island. 

Present records indicate Favorinus tsuruganus is essentially a subtidal species with 
maximum abundance between 6 and 13 metres. However it is quite probable that some 
individuals will be taken intertidally on rare occasions. 

ECOLOGY 

The species apparently occurs in open situations where there is clean, silt-free water. In 
these environments it occurs on substrates of coarse sand or shell rubble. No direct 
observations have been made of the feeding by this aeolid. Mr R. Kuiter noted the Sydney 
specimen ate the eggs of other opisthobranchs when it was in captivity in his home 
aquarium. This behaviour is not at all surprising in view of the known predilection, or 
possibly even dependence, of other Favorinus species for opisthobranch spawn 
(documented for Favorinus sp. from the Solomon Islands by Miller (1969), for Favorinus 
branchialis by Brown & Picton (1979) and for F. japonicus by Gosliner (1980) and Bertsch & 
Johnson (1981)). 

REMARKS 

This aeolid conforms well with the glaucid genus Favorinus on account of the cleioprotic 
position of its anus, six or seven groups of cerata arranged in arches (both pre- and post- 
cardiac groups), simple penis, and several rows of large denticles arranged along the 
masticatory border of the jaw. Most other described species of Favorinus have short 
cutting edges to the radular teeth and serrated or denticulate margins to the cusps of the 
teeth. By contrast, F. tsuruganus has an extended, narrow cusp with smooth edges. These 
radular characteristics serve as significant distinguishing points but are by no means 
unique within the genus, for example smooth-edged cusps also occur in F. japonicus 
(Baba, 1949; Gosliner, 1980) (although | note a discrepancy here in that Rudman (1979) 
reports this same species to possess denticulate margins). What does appear peculiar to F. 
tsuruganus is the presence of three large, overlapping flanges on the rhinophores. All 
Favorinus species have rhinophores that carry ornamentation of some type. Other species 
belong to two series according to the structure of the rhinophores. Firstly there are those 
with regular swellings (or “bulbs”) along the rhinophoral axis (Favorinus branchialis 
(Müller), F. auritulus Marcus, F. blianus Lemche & Thompson, F. gouaroi Risbec, F. 
ghanensis Edmunds, F. japonicus Baba, F. pannuceus Burn, F. vitreus Ortea); and secondly 
there are those with lamellate rhinophores (F. perfoliatus Baba, F. mirabilis Baba, F. joubini 
Risbec, F. violaceus Risbec). Whilst being completely distinctive, the rhinophoral structure 
of F. tsuruganus suggests it lies closer to the second group. 

Not only are the anatomical features of this aeolid typical of Favorinus, it has in addition 
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two behavioural characteristics (both already noted) shared by its congeners — notably 
ceratal autotomy and the habit of eating the spawn of other opisthobranchs. Favorinus 
tsuruganus also exhibits the fast-moving activity and restless disposition typical of glaucids 
(Miller, 1974). 

The bright coloration of Favorinus tsuruganus is thoroughly distinctive, being rather 
more intense than the majority of other Favorinus species (F. japonicus and F. perfoliatus 
are notable exceptions). No other Favorinus has orange cerata with black tips as does F. 
tsuruganus. The jet black colour of the large (one could almost say bulky) rhinophores 
means F. tsuruganus is distinguishable at once. Favorinus ghanensis has purple-brown or 
maroon rhinophores with pale apices (Edmunds, 1968). F. joubini has maroon rhinophores 
with red tips and F. violaceus has pinkish rhinophores which became dark violet distally 
(Risbec, 1953). Both of these latter species were described initially for New Caledonia. The 
Japanese species F. mirabilis has dark brown rhinophores. The only aeolid which has any 
resemblance to F. tsuruganus in coloration is the European facelinid Caloria elegans (Alder 
& Hancock). This resemblance is merely superficial — the latter species has deep 
orange (almost brick orange) cerata with a black subapical zone. The apex of each ceras 
bears a single white spot. 

Australian specimens of Favorinus tsuruganus agree so closely with those described 
from Japan that there can be no doubt they belong to the same species. Because the 
Japanese specimens were slightly larger they had more teeth in the radula (27 rows for a 20 
mm animal, and 16 rows for the 15 mm holotype) but the tooth structure itself matches 
precisely. It now appears that the holotype was unusual, or possibly aberrant, in possessing 
only two flanges on the rhinophores (described as “two bulbs" by Baba and Abe, 1964) 
since all the later specimens, both from Japan and Australia, have had three flanges 
(described subsequently as "three cups" by Baba and Abe, 1975). 

NOTE ADDED IN PROOF: Four additional specimens of Favorinus tsuruganus were found 
by me early in 1983. The largest one measured 22mm. Two were feeding on a spawn coil of 
Hoplodoris nodulosa; the others were feeding on the spawn of a large tritoniid 
nudibranch. These observations confirm Favorinus tsuruganus principally eats the eggs of 
other nudibranchs. 
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Fig. 1. Favorinus tsuruganus. Length 14 mm. Specimen from 12 m, S.E. corner of 
Shag Rocks, off Point Lookout, North Stradbroke Island, southern Queensland. 
Leg. R.C. Willan, 7 August 1981. 
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Fig. 2-9. Favorinus tsuruganus: 2, diagrammatic right profile showing the 
insertion of the cerata and position of the anus and reproductive apertures; 3, 
ventral view of the head and anterior foot margin (drawn from life: stipple 
represents yellow pigmentation); 4, detail of left rhinophore from the outside; 5, 
detail of a single ceras from a living animal showing orange digestive diverticulum 
and black apex; 6, left jaw (view of the inner surface); 7, dorsal view of single 
radular tooth (13th); 8, left profile of two radular teeth (5th and 6th); 9, salivary 
gland. 

Figs. 7 and 8 drawn to same scale. 
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11 

Fig. 10, 11. Radula of Favorinus tsuruganus: 10, dorsal view of teeth (2nd to 4th) at 
the youngest end of radula; 11, same teeth as Fig. 10 but seen in profile. 
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Fig. 12-14. Masticatory elements from jaw of Favorinus tsuruganus: 12, S.E.M. 
montage depicting inner face of left jaw and proximal section of masticatory 
border along vental surface; 13, distal (free) section of masticatory border from 
same jaw. Figs. 12 and 13 to same scale, bar represents 20 um; 14, detail of 
denticles along masticatory border, x 1800. 

Fig. 15. Penis of Favorinus tsuruganus; left profile, penial sheath removed from 
around distal section of penis. Scanning electronmicrograph on left; specimen 
prepared by critical point drying technique. Explanation in sketch on right: p.a. 
— penial aperture; p.s. — penial sheath; v.d. indicates insertion of vas deferens 
onto back of penis (not visible in S.E.M.). 
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Spawning and Egg Masses of 
Siphonaria tasmanica Tenison Woods, 1876 

from Victoria 
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Department of Zoology, University of Melbourne, 
Parkville Victoria, 3052, Australia 

Information is available on spawning and egg masses in four species of the marine 
pulmonate genus Siphonaria from south-eastern Australia. S.denticulata from New South 
Wales (Anderson, 1965; Creese, 1980) and S.diemenensis and S.baconi from Victoria 
(Mapstone, 1978) deposit benthic egg ribbons from which planktotrophic larvae hatch. 
However, S.funiculata (nominal form, sensu Jenkins, 1981) has pelagic egg masses (Creese, 
1980). This note reports observations of spawning and egg masses of S.tasmanica at Griffith 
Point, San Remo, Victoria from 1979 to 1982. 

Egg masses of S.tasmanica are transparent and jelly-like in appearance (Fig.1), and 
variable in size (length 12-17 mm; width 5-7 mm). The eggs are white and have a mean 
diameter (+ S.D.) of 94.9 + 6.1 um. Each is contained within a capsule (length 158.8 + 10.4 
um; width 130.4 + 8.6 um). The capsules are distributed evenly throughout the egg mass 
except in a surface layer (0.4-0.7 mm thick) in which no capsules are found. The egg size of 
S.tasmanica is comparable to the other species of Siphonaria and suggests that S.tasmanica 
also has planktotrophic larvae. The time from spawning to hatching of an egg mass in the 
laboratory (22°C) is 6 days. 

Egg masses spawned during low tide adhere weakly to the substratum and are removed 
by the first wave splash. Egg masses were only found in the months of January and February 
and the times of spawning did not appear related to phases of the moon as occurs in other 
species of Siphonaria (Parry, 1977; Mapstone, 1978; Creese, 1980). Egg masses were usually 
found on days of either steady rain or considerable wave splash, both conditions likely to 
reduce the risk of desiccation of egg masses before they are washed from the rock. 

The pelagic egg masses of S.tasmanica from Victoria are similar in appearance and 
hatching time to those described by Creese (1980) for S.funiculata from New South Wales. 
Both species occur higher on the shore than their congeners, S.diemenensis and 
S.denticulata, which have benthic egg masses. Creese (1980) suggested that the pelagic egg 
masses of S.funiculata in New South Wales may, in part, be an adaptation to life in the 
upper littoral zone as the benthic egg masses of S.denticulata suffered mortality due to 
desiccation when transplanted to higher levels. A similar adaptive explanation may 
account for the contrasting reproductive modes seen in Victorian Siphonariidae. 
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Figure 1 

Egg Mass of S.tasmanica. 

(Scale bar = 1 mm) 
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VOLUTIDAE (MOLLUSCA:GASTROPODA) FROM THE 
CAPRICORN CHANNEL, CENTRAL QUEENSLAND, 

AUSTRALIA 

by 
Thomas A. Darragh 

National Museum of Victoria 
285 Russell Street, Melbourne, Victoria 3000 

ABSTRACT 
Athleta (Ternivoluta) studeri (Martens), Volutoconus grossi (Iredale), 

Notovoluta gardneri sp. nov., Amoria maculata (Swainson), Amoria 
necopinata sp. nov., and Nannamoria parabola Garrard are recorded from the 
Capricorn Channel, Central Queensland. 

Notovoluta gardneri is closely related to Miocene species of Notovoluta 
from Victoria and constitutes the first record of the genus on the east coast of 
Australia. 

INTRODUCTION 
In a previous paper on deep water volutes from the Capricorn Channel, the author 

(Darragh, 1979), described twospecies of Athleta (Ternivoluta) and Nannamoria and noted 
that the affinities of the species were with southern Australian fossil and living volutes. It 
was anticipated that other genera with southern Australian affinities would probably come 
to light. 

Further dredging by trawlers has provided new material some of which is formally 
described in this paper. Amongst specimens in hand through the kindness of Mrs E. 
Coucom and Messrs F. McCamley and B. Beutel are species of Athleta (Ternivoluta), 
Notovoluta, Nannamoria, Amoria, Cymbiola (=Cymbiolaca) and Volutoconus which 
permit a more accurate assessment of the deep water volute fauna of the Capricorn 
Channel. It is hoped that this paper will provide a stimulus for additional material to be 
fowarded to the author for study. 

Unless stated otherwise, specimens upon which records are based are held in the 
National Museum of Victoria. 

Athleta (Ternivoluta) Martens, 1897 
Athleta (Ternivoluta) studeri Martens, 1897 

This species is newly recorded from the Capricorn Channel off North Reef in 275m. 
Hitherto it has been recorded from off Cape Byron, northern New South Wales to Tin 
Can Bay, Queensland. (Darragh, 1971) in depths ranging from 100m to 180m. Athleta 
(Ternivoluta) insperata Darragh, 1979 was dredged off Lady Musgrave Island in depths 
ranging from 188m to 365m. The two species have not yet been found together. 
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Notovoluta Cotton, 1946 

Notovoluta is an endemic Australian genus composed of about five living species, one of 
which is also known as a fossil and about 10 other fossil taxa. The genus ranges in age from 
Late Eocene to the present. Living species range from the mid-west coast of Western 
Australia across to Eastern Victoria. The new species described here extends the range into 
Queensland but as yet there are no recorded occurrences of the genus between Eastern 
Victoria and this new record. 

Notovoluta gardneri sp. nov. 

Description 

Shell ovate-elongate, fusiform with a gently tapering spire. Protoconch dome shaped of 
3% smooth convex whorls which merge imperceptbly into the spire whorls. First and 
second teleoconch whorls flat, subsequent whorls flat to slightly concave posteriorly and 
convex anteriorly producing a weak shoulder. Body whorl concave at the posterior suture 
then convex and tapering gently to the canal. Axial and spiral sculpture absent. Aperture 
elongate-oval, about 2/3 the height of the shell. Columella covered with a very light glaze 
and bearing four strong anterior plaits and one or two weaker posterior plaits. Siphonal 
notch shallow, siphonal fascole absent. 

Colour of shell, orange-brown with white triangular markings, the apex of the triangle 
towards the aperture. At the shoulder and at the anterior third of the body whorl two 
bands of widely spaced dark brown patches. 

Animal with a broad flat foot; no operculum; siphonal appendages paired, short, 
somewhat spatulate; head entire with two short tentacles, eyes situated behind the 
tentacles. Tubular salivary glands of digestive system long and only with difficulty 
separated from the racemose salivary gland. Gland of Leiblin separate from the 
oesophagus. Penis not grooved, vas deferens sunk into body of animal. Radula uniserial 
tricuspid with the centre cusp the longer. Cusps slightly fanglike. 

Dimensions 

Holotype F 31710 L64 HA39 W22 

Paratype QM Mo 11579 69 43 26 

Paratype F 31711 67 43 26 

Location of Types 

National Museum of Victoria: Holotype F 31710, Paratype F31711 collected Paul Gardner 1 
September 1981 Queensland Museum: Paratype Mo 11579 

Type Locality 
200-220m, northeast of Lady Musgrave Island, Capricorn Channel, Central Queensland, 

Occurrence 
220m between Lady Musgrave Island and Lady Elliot Island; 230m, east of Lady Musgrave 

Island; 200-220m, northeast of Lady Musgrave Island, Capricorn Channel, Queensland. 

Material 

Types and seven other specimens (Queensland Museum 5 specimens, F. McCamley 2 

specimens). 

Comments 

This species is distinguished from the other known living species by the absence of axial 
sculpture. In shape it most closely resembles an undescribed fossil species from the Early 

Miocene of Victoria but that species has numerous close set threads covering the whole 

spire. 
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This species is named for Paul Gardner in recognition of his assistance in obtaining live 
taken material of the species for scientific study 

Volutoconus Cross, 1871 
Volutoconus grossi (Iredale, 1927) 

A single specimen (length 50mm) from 134m in the Capricorn Channel is much smaller 
than typical specimens from shallow water in the Keppel Bay area. The latter can reach 
over 100mm. 

Nannamoria Iredale, 1929 
Nannamoria parabola Garrard, 1960 

This species is newly recorded from 275m off North Reef in the Capricorn Channel. 
Hitherto it has been recorded from 130m to 250m off Moreton Island. Nannamoria 
inopinata Darragh, 1979 was dredged from off Lady Musgrave Island in depths ranging 
from 320m to 365m. 

Amoria Gray, 1855 
Amoria maculata Swainson, 1822 

This species is present in the Capricorn Channel at 134m. It is one of the most common 
species of Amoria and ranges from Lizard Island, North Queensland south to Cape 
Moreton, South Queensland. There are isolated records from Woolgoolga, northern New 
South Wales and Lord Howe Island. 

Amoria necopinata sp. nov. 
Description 

Shell small for the genus, fusiform of about 2% adult whorls, with a slender conical spire. 
Protoconch conical of 2⁄2 smooth, slightly convex whorls coiled in the axis of the shell and 
merging imperceptibly with the spire whorls. First teleoconch whorl very slightly convex, 
second and penultimate whorl with a pronounced swelling towards the anterior suture. 
Body whorl slightly depressed at the suture, then convex to produce a weak shoulder and 
then tapering rapidly towards the anterior canal. No axial or spiral sculpture. Aperture 2/3 
the height of the shell, very narrow. Columnella bearing 4 strong plaits with one or two 
weak secondary plaits inserted between them. Siphonal notch wide; siphonal fasciole 

weak to well developed and with a prominent posterior margin. 

Animal and radula unknown. 

Colour of shell cream with thin, widely space, zig-zag chestnut lines. 

Dimensions 
Holotype F 31750 L 33 HA 22 W 14 
Paratype C 137092 30 21 13 
Paratype F 31751 32 2213 

Location of Types 
National Museum of Victoria: Holotype F 31570 dredged by T. Neilson presented B. 

Beutel. Paratype F 31751 presented by Mrs E. Coucom. 

Australian Museum, Sydney: Paratype C 137092 dredged by T. Neilson presented B. 
Beutel. 

Type Locality 
134m. Capricorn Channel, Central Queensland. 

Material 
Types and two other specimens. 

Comments 
This species at first sight resembles a miniature Amoria undulata Lamarck and in 

particular the small specimens of that species which were described as Amoria benthalis 
McMichael. However, it differs from A. undulata in having a much smaller and thinner 
shell, is not as swollen at the shoulder, is more elongate and has a much moreslender and 
relatively produced spire. 
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Figure 1, 3 Notovoluta gardneri sp. nov., holotype, F341710, x1. 

Figure 2, 5 Amoria necopinata sp. nov., paratype, C137092, 134m Capricorn Channel, х1.5. 

Figure 4, 7 Amoria necopinata sp. nov., holotype, F 31750, xl.5. 

Figure 6, 8 Notovoluta gardneri sp. nov., paratype, Mo 11579, 230m E. of Lady Musgrave 
Island, x1. 
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FIRST RECORD OF THE EUTHECOSOMATOUS 
PTEROPOD LIMACINA HELICOIDES JEFFREYS, 1877 

FROM THE INDIAN OCEAN 

by 

Fred E. Wells 
Western Australian Museum, Perth, 6000 Australia 

Most euthecosomatous pteropods are distributed over large openwater areas of the 
Atlantic, Pacific and Indian Oceans in areas of suitable temperature. Limacina helicoides 
Jeffreys, 1877 is unusual in that its known range is largely restricted to the Atlantic Ocean. 
The species is widespread in the Atlantic and has been recorded at a number of localities in 
the northern North Atlantic, off the west coast of Africa in the South Atlantic, and in the 
Mediterranean Sea. L. helicoides is bathypelagic, with most of the Atlantic records being at 
depths of 500 to 1000m (Tesch, 1946; van der Spoel, 1967; Bé and Gilmer, 1977). Despitethe 
wide range of L. helicoides in the Atlantic Ocean, it has been found only rarely in the 
Pacific Ocean and never in the Indian Ocean. Tesch (1948) recorded single individuals of L. 
helicoides at each of two Pacific stations: Dana Station 3642 III southwest of New Zealand 
(46943”S, 176°08’E) and Dana Station 3663 II east of Australia (33933'S; 154°04’E). It has also 
been recorded at unspecified stations in the Pacific Subantarctic and in the Drake Passage 
(Be and Gilmer, 1977). 

During the First International BIOMASS Experiments the Antarctic Division of the 

Australian Department of Science and Technology collected two individuals of L. 
helicoides in a horizontal tow at 1000m at Station 125 in the southern Indian Ocean 
(55901754”5, 99°53’42”E) on 5 March 1981. The larger of the individuals was 12.0mm in 
diameter and the smaller 4.1mm. The flattened spire, wide aperture, inflated body whorl, 
brown shell colour, and dark body colour all served to clearly identify the two specimens 
as L. helicoides (Tesch, 1946; van der Spoel, 1967). The specimens have been deposited in 
the Western Australian Museum and have registration number 2201-82. 

Little is known of the biology of L. helicoides. Tesch (1946) and van der Spoel (1967) 
provided detailed information on shell form and anatomy and remarked that the species is 
ovoviviparous. Lalli and Wells (1978) examined the reproductive mechanisms of all seven 
extant species of Limacina. Five produce planktonic egg masses from which free- 
swimming veligers hatch. A sixth species. L. inflata (d'Orbigny, 1836) retains developing 
larvae attached to the mantle lining of females. The larvae are released as free-swimming 
veligers. Female L. helicoides retain encapsulated juveniles in the mucous gland. In 
contrast to the other Limacina, L. helicoides has no free-swimming veliger stage. Juveniles 
emerge from the female at a shell diameter of 5.0mm. The 4.1mm individual from the 
southern Indian Ocean is thus a recently released juvenile and the 12.0mm individual is an 
adult, near the maximum diameter of 15mm recorded by Lalli and Wells (1978). 
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The only other data on living L. helicoides was provided by Smith and Teal (1973) 
in an examination of variations in respiration rates in relation to the temperatures 
and pressures encountered by L. helicoides in its natural environment. 

| am grateful to Mr R. Williams of the Antarctic Division, Department of Science 
and Technology for sending me the pteropods from their cruise for identification. 
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A NEW SPECIES OF GALEODEA (CASSIDAE, 
GASTROPODA) FROM QUEENSLAND, AUSTRALIA 

by 
W.F. Ponder 
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ABSTRACT 

A new species of Galeodea from the Capricorn Channel, Queensland is 
named and the shell, operculum, radula and jaws are figured and described. It 
has no close relationship with any known Recent or fossil species although an 
Upper Oligocene species from Table Cape, Tasmania may be ancestral. 

INTRODUCTION 

Several undescribed species of gastropods have been collected recently in the 
Capricorn Channel, Queensland, some of which are presently being described. Two new 
species of Volutidae from this area are described elsewhere in this volume. Another of the 
new species is a Galeodea which is named below. 

Galeodea is based on a Recent Mediterranean species and a few Recent and numerous 
fossil species have been assigned to the genus or its synonyms. Many of these species have 
subsequently been placed in other genera (e.g. Kanno, 1973; Hickman, 1980). 

Galeodea is sometimes included in the Oocorythidae (e.g. Quinn, 1980) or in the 
Cassidae (e.g. Beu, 1980). The Oocorythidae is regarded as a subfamily of the Tonnidae by 
Beu (1980). Beu's (1980) conclusions on the placement of Galeodea are apparently based 
on the anatomical description of the type species of Galeodea by Reynell (1905, 1906) and 
are followed here. 

Family Cassidae 
Subfamily Cassinae 
Genus Galeodea Link, 1807. 

(Synonyms Morio Montfort, 1810; Echinora Schumacher, 1817; Cassidaria Lamarck, 1822). 

Galeodea maccamleyi n.sp. Р1.1, figs 1-4; plates 2 and 3. 

Shell (pl.1, figs 1-4) small for genus (up to 37mm in length), ovate, inflated, very narrowly- 
umbilicate to non-umbilicate, with fine spiral cords and 4 rows of nodules on last whorl. 
Protoconch of about 14 smooth whorls, apex markedly deviated. Teleoconch with convex 
whorls, suture narrowly-channelled. Sculpture of teleoconch of low, flat-topped to 
rounded spiral cords with equal to wider interspaces, crossed by closely-spaced, fine 
growth-lines. Secondary spirals occur between many of the primary cords, particularly on 
body whorl. 13-16 spirals on antepenultimate whorl, 17-19 on penultimate whorl and 73-80 
on body whorl, base and siphonal canal. Penultimate whorl with weak angulation formed 
by spiral becoming stronger and developing nodules which encompass 3-4 spirals. Three 
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similar rows of nodules on body whorl in addition to row at shoulder; one row from level 

of suture and two rows on base. Nodules sharp to rounded, uppermost row with sharpest 

nodules, 12-15 on body whorl. A thin, yellowish periostracumis raised into low lamellae in 

interspaces along growth lines. Aperture with posterior half of thin inner lip spread over 

parietal wall forming a thin, transparant callus; anterior half also thin and free of base and, 

in some specimens, siphonal canal. Outer lip with sharp edge, thickened within, with 

single, large denticle at posterior end, behind which is a narrow posterior notch. Up to 10 

weak denticles over remainder of inner surface of outer lip. A weak denticle on inner lip 

lies opposite large posterior denticle on outer lip in specimens with mature aperture and 

1-2 exceedingly weak, short rugae immediately anterior to this denticle in one specimen; 

2-5 very weak denticles at posterior end of inner lip developed in a few specimens. 

External varix narrow, possessing typical teleoconch sculpture. Siphonal canal rather 

short, twisted dorsally, narrow, open, anterior end not notched and canal and fasciole 

sculptured with spirals continuous with those of base. Colour orange-brown to fawn, 

nodules white and in some specimens, narrow, irregular axial white bands present on 

body whorl. Basal rows of nodules completely white over first half of body whorl. Aperture 

white, siphonal canal pale brown externally, white internally, orange-brown at distal 

extremity. 

Length of aperture 

Dimensions Length (excluding canal) Diameter 

Holotype 30.1 mm 18.2 mm 22.8 mm 

Paratypes (C.137655a) 37.1 22.5 26.3 

(C.137655b) 32.6 19.2 24.3 

(C.132221) 30.3 19.2 21.7 

Topotypes (F. McCamley colln)34.0 21.3 24.0 

30.6 18.3 21.9 

30.3 18.7 22.4 

25.7 17.0 19.9 

AM, C.137656 18.6 11.8 13.3 

Queensland Museum 
(Mo12609) 31.7 19.1 24.2 

25.2 17.7 20.2 

Operculum (Plate 2, figs 1-4) brown, flat, opaque, with subterminal to sublateral nucleus; 

distinct growth rugae externally. 

Radula (Plate 3, figs 1-5) with triangular cutting edge on central teeth having cusp 
formula 7-10 + 147-10; cusps sharp; bases rather narrow, median cusp about twice as large 

as lateral cusps. Lateral teeth cusp formula 2-3 * 148-10; cusps similar in size and shape to 

those on central teeth. Marginal teeth curved, tapering, narrow and blunt distally; inner 

marginal teeth with 1-3 short cusps on inner edge, outer marginal teeth smooth. 

Animal with head and foot unpigmented, cephalic tentacles slender, with eyes in 

swellings at outer bases. Proboscis large (about 20mm long in semi-retracted state) and 

extended from mouth 5mm-10mm in two of the three specimens examined. Buccal mass 

1.8-2mm long (i.e. short relative to proboscis), jaws (Plate 3, figs 6, 7) relatively large (1.3mm 

in length), pointed on outer ends, broad inner end, composed of small, overlapping, 

elongate, scale-like units (Plate 3, fig 7). Salivary glands large, compact; accessory glands 

could not be distinguished readily from salivary glands. Pallial cavity with well-developed 

ctenidium and bipectinate osphradium. Glandular pallial oviduct massive in one 

specimen, poorly developed in the other. Other anatomical details not determined. 
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TYPE MATERIAL 

Holotype (Plate 1, fig 1) (Australian Museum (= AM), C.137654); shell, operculum, 
dissected animal (9); radula and jaw (on SEM stub 1188); off Lady Musgrave Island, 
Capricorn Channel, Queensland, in 238m, 8 May 1982, pres. F. McCamley. 

Paratype (Plate 1, fig 2) (AM, C.137655a); shell, operculum, partially dissected animal (9); 
radula and jaw (on SEM stub 1188); same data as last. 
Paratype (Plate 1, fig 3) (AM, C.137655b); shell; same data as last. 

Paratype (AM, C.132221); shell; off Lady Elliot Island, Capricorn Channel, Queensland, 
220m, 1981, pres. J. Whittle. ' 

Three paratypes (Queensland Museum, Mo12609); one undissected preserved female 
and two shells; between Lady Musgrave Island and Lady Elliot Island, Capricorn Channel, 
220m, 9 June 1981, coll. N. Schulz. 

Other Material Examined 

Topotypes (4) (F. McCamley colln, Sydney). N.E. of Lady Musgrave Island, 23?38,8'S, 
152?45.5'E, 365m, 14 December 1977, Globigerina mud/siliceous spnge, coll. W.F. Ponder, 
|. Loch & P. Terrill, HMAS “Kimbla,” 14 December 1977 (2, AM, C.137656). 

Remarks 

The most similar Recent species to G. maccamleyi is G. triganceae Dell, 1953 from New 
Zealand. That species differs primarily in having more numerous (22-25) nodules on the 
body whorl, coarser spiral sculpture and a non-channelled suture. Galeodea 
echinophorella (Hirase MS) Habe, 1961 from Japan is superficially similar to G. maccamleyi 
but differs in its lack of a colour pattern, coarser spiral sculpture on the spire whorls, simple 
sutures and, as far as can be judged from the available illustrations, a shorter canal. The 
authorship of G. echinophorella is confused. Hirase (1934) published a photograph and 
name and Habe and Kuroda (1952), recognising this name as a nomen nudum, introduced 
the name in their checklist. Habe (1961) appears to be the first author to provide a brief 
diagnosis (in Japanese). 

Some species included in the genus Echinophoria Sacco, 1890, closely resemble species of 
Galeodea. The shell characters distinguishing Echinophoria from Galeodea have been 
elaborated by Hickman (1980). 

Little variation is seen in the available material with the exception of two specimens 
(C.137656) which are much smaller than the other specimens, but, in other respects, are 
very similar (Plate 1, fig 4). 

Two Australian fossil species, Cassidaria gradata Tate, 1889 and C. wilsoni Tate, 1889, 
have been included in Galeodea by Darragh (1970). Galeodea wilsoni from Spring Creek 
near Torquay (late Oligocene) has four rows of small nodules on the body whorl but differs 
from G. maccamleyi in having rather strongly-shouldered spire whorls and a non- 
channelled suture. Tate's (1889) figure shows a short, notched canal bearing a prominent 
ridge and topotypes in the National Museum of Victoria also show this feature (T.A. 
Darragh, in lit). These features are inconsistent with Galeodea. Very similar specimens 
from Table Cape, (= Fossil Bluff), Tasmania (Early Miocene) (Plate 1, fig 6) agree closely with 
"G" wilsoni but have a typical Galeodea canal. Localities mentioned by Tate (1889) for C. 
gradata were Muddy Creek, River Murray Cliffs and Schnapper Point (all Lower Miocene). 
Specimens of G. gradata from Balcombe Bay (i.e. Schnapper Point, the locality from which 
Tate's figured specimen was obtained) (Plate 1, fig 5) and Muddy Creek in the Australian 
Museum indicate that a consistently different form is represented at both of these 
localities. A specimen from Balcombe Bay is figured for comparison with G. maccamleyi. 
None of these species has distinctly channelled sutures but the Muddy Creek form of C. 
gradata does show incipient channelling. All the fossil taxa have distinct wrinkles over 
most of the inner lip, a feature not seen in the Recent species. 
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The new species is named for Mr F. McCamley of Blakehurst, Sydney, who kindly 

donated the holotype and two paratypes and made other specimens available for 

examination. 
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PLATE 1 

1-4. Galeodea maccamleyi n.sp. 1, holotype. 2, 3 paratypes (AM, C.137655a, b). 4, dwarf 
specimen, N.E. of Lady Musgrave Island, 365m (AM, C.137656). 

5. Galeodea gradata (Tate). Fossil Beach, Balcombe Bay, Mornington Peninsula, Victoria; 
Middle Miocene (AM, C.74895). 

6. Galeodea sp. Fossil Bluff, near Wynyard, Tasmania; Early Miocene (AM, F.14563). 

Scale = 10mm. 
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PLATE 2 
1-4. Opercula of Galeodea maccamleyi n.sp. 1, 3, paratype (AM, C.137655a). 2,4, holotype. 

Figs 1, 2, outer side; 3, 4, inner side. 

Scale = 5mm. 
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PLATE 3 

Radula and jaw of Galeodea maccamleyi n.sp. 1-5, Radula; 1-3, holotype, 2, detail of 
central and lateral teeth, 3, marginal teeth; 4, 5, paratype (C.137655a), 4, detail of central 
and lateral teeth, 5, marginal teeth. 6, 7, Jaw of holotype, 7, detail of jaw platelets. 

Scale = 0.05mm 
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Obituary: Jacob (Jacques) Voorwinde (1909-1982) 

Jacques Voorwinde was born in Rotterdam, Holland on the 27th June 1910. Even as a 
young child he was an enthusiastic collector of shells. He took special interest in small and 
minute species found in fossil deposits in Holland and discovered several new records, an 
unusual feat in a small country with many enthusiastic collectors and a very small fauna. 
Because of family commitments he was forced to leave school at 12 years of age and 
became a hairdresser's apprentice, despite the considerable interest shown in his abilities 
by some prominent natural historians at the time. He joined the Dutch Malacological 
Society (Nederlandse Malacologische Vereniging) when he was about 17 and remained a 
member until his death. About 1929 he worked on board a ship travelling to Indonesia and, 
while there, was offered a position as a malacologist in Batavia (Java). Family pressure 
prevented him taking advantage of this opportunity. He gained some prominence in 
Holland as a hairdresser but continued his work on molluscs. He also won a competition to 
replan the zoological gardens in Rotterdam. During the war he worked with the Dutch 
underground. 

Jacques emigrated to Sydney in December 1950 with his wife Elizabeth and children, 
Robert and Margo. He quickly began pursuing his malacological interests and became 
acquainted with Tom Iredale and Charles Laseron as well as a number of local shell 
collectors. Among those whose interest he stimulated was Phil Colman, now working in 
the Malacology Department of The Australian Museum. 

Jacques collected energetically, mainly in New South Wales and Queensland, 
concentrating on small species. He also played a very active role in the Sydney branch of 
the Malacological Society of Australia, including being its chairman. Meetings were 
sometimes held in his salon in George Street and his time was always given freely. 

His first association with The Australian Museum was a failure. The curator of molluscs at 
the time, Miss Joyce Allan, refused Jacques' offer to donate his large collection of 
European Mollusca and this was, shortly afterwards, returned to Holland. In 1956, when Dr 
D.F. McMichael took charge of the Malacology Department, his knowledge and assistance 
was gladly accepted. His freely-given voluntary work was acknowledged by the conferring 
of an Honorary Associateship on him in 1965. As a voluntary helper he mainly sorted 
samples containing microscopic shells, and even using girls employed in his salon to assist 
with chores in the Department of Malacology. His very extensive collection of Australian 
Mollusca was sold to The Australian Museum in 1967. During the 1970s he devoted a 
considerable amount of time to the Museum, mainly working at his home, until a few 
weeks before his death on the 27th July 1982. The many thousands of hours of painstaking 
sorting done by Jacques has produced a huge collection of small molluscs which is, and 
will be, used by many research workers around the world. 

Several taxa have been named after Jacques Voorwinde. These include:- Hinemoa 
voorwindei Laseron, 1959; Pronucula voorwindei Bergmans, 1969; Favartia (Murexiella) 
voorwindei Ponder, 1973; Pisinna voorwindei Ponder and Yoo, 1976; Eatoniopsis 

(Boogina) voorwindei Ponder and Yoo, 1980. Glibertia prosperi van der Meulen, 1951 was 
also dedicated to him. In addition a new genus of the Rissoidae is shortly to be dedicated to 
Jacques Voorwinde. 

PUBLICATIONS 
1966 (with D.F. McMichael). Illustrations of unfigured New South Wales marine 

molluscs, Part 1. J. Malac. Soc. Aust., 10: 13-20. 
1966. A classification of some Rissoacea from the Western Pacific. J. Malac. Soc. Aust., 10: 

41-46. 
W.F. Ponder and M. Christie. 
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Distribution and feeding of chitons in a boulder 
habitat at West Island, South Australia 
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ABSTRACT 

The vertical distribution and feeding of sixteen species of chiton was examined 
on a boulder slope at West Island, South Australia. There is a trend of increasing 
abundance and diversity of species with depth, with most species present at 4- 
5 m depth where boulders are partly buried by sediment. 

Six species are herbivorous, seven omnivorous and three carnivorous. There 
are generalist and specialist feeders within those feeding types. Specialist feeders 
include species which eat predominantly drift seagrass (one species), crustose 
coralline algae (four species), Petroderma crusts (one species), sponge (one species) 
and amphipods (one species). 

A comparison of the distribution with depth of abundance of food organisms 
attached to the upper and under-surface of boulders with the depth distribution 
of chitons, shows that the food supply is unlikely to limit the abundance of chitons 
or affect their distribution. However, drift seagrass and algae, eaten by several 
species, are abundant only at 4-5 m depth; this may be a factor contributing 
to the abundance of some chitons at this depth. 

INTRODUCTION 

Subtidal crevice faunas and floras, although rarely studied, are ecologically important 
because crevices provide a refuge and a place for recruitment of many mobile species, 
including those of economic value such as abalone and sea urchins (Shepherd 1973; 
Tegner and Dayton 1977, 1981; Brock 1979). 

Chitons are prominent members of the mobile fauna of crevices, and in southern 
Australia, the chiton fauna is notably rich in species (Hyman 1967, Boyle 1977). Chitons 
have usually been considered to be herbivorous grazers (Simpson 1976, Boyle 1977, 
Steneck and Watling 1982), although omnivory and even carnivory are known to occur 
(Barnawell 1969, McLean 1962, Langer 1983). 
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A boulder slope in Abalone Cove, West Island, South Australia (35936'25"S., 
138?35'27"E.) (Fig. 1) has an over-boulder flora of erect and crustose algae, and an 
under-boulder sessile fauna of crustose sponges, bryozoans, and ascidians and a mobile 
fauna of chitons and gastropods. The chitons, in particular, are numerically abundant 
and diverse, with 22 species present. 

This study is part of an investigation of the role of chitons in this complex community 
whose biological interactions are of likely importance. The broad components of the 
habitat above and below boulders, the distribution and density of chitons along a depth 
gradient, and the diet of 16 chiton species are described and the diet related to the 
presence and abundance of food in the habitat. The algal ecology of West Island is 
described by Shepherd and Womersley (1970). 

MATERIALS AND METHODS 

Distribution and Abundance of Organisms 

The north shore of Abalone Cove, West Island, is a boulder slope containing boulders, 
mostly 30-40 cm x 20-30 cm and 20 cm high, from about 0.5 m depth to 5 m at low 
water. At six depth intervals (0.5 m and at 1 m depth intervals from 1 to 5 m), 20 
boulders taken from different locations along the boulder slope were overturned and 
the chitons on the under surface and on rocks below the boulder were identified 
and counted. In order to estimate the density of chitons, the area of each boulder 
was taken to be its projection on the horizontal plane. In addition, exhaustive searches 
were made over the depth range for less common species. Estimates of the mean 
percentage cover of crustose organisms on and under boulders were obtained by laying 
a transparent sheet of plastic marked with a 2.5 cm grid on the boulder and counting 
the number of squares occupied by each organism. Estimates of cover of upper (> 20 
cm high) and middle (1-20 cm) algal strata on the upper side of boulders were also 
made. 

Food and Feeding 

Samples of each species of chiton were collected between January and April 1983, 
and preserved in 10% formol seawater. The whole of the digestive tract, from stomach 
to anus, was removed from each animal, the contents spread on a slide and examined 
microscopically. The slide was scanned along several parallel lines and the material 
under the cross of the eyepiece at equidistant points was identified to morphological 
group. Plant material was categorised as coralline algae (geniculate and encrusting), 
*Petroderma crusts, filamentous algae, macroalgae and seagrasses, in accordance with 
the functional scheme proposed by Steneck and Watling (1982). Animal matter was 
placed in one of the following taxonomic groups: sponge, bryozoans, ascidians, hydroids, 
serpulid worms and amphipods. According to the amount of food in the gut, 20-90 
identifications of food items were made for each individual. The basis for evaluating 
the accuracy of the method is given by Curtis (1960). Shepherd and Boudouresque 
(1984) tested the accuracy of the method experimentally and showed that gains in 
accuracy decline sharply after 50 identifications, so do not justify additonal effort. 

Within species differences in the food eaten with depth were examined for four 
species by analysing the gut contents of five individuals per species at different depths. 
The differences were analysed statistically with the non-parametric Mann-Whitney U- 
Test. 

* This refers to crusts of non-calcified algae, mostly of an undescribed species of the 
genus Petroderma. 



Chiton feeding 103 

A night dive was made on 24 February 1983 and the species on the upper surfaces 
of boulders noted. 

RESULTS 
The Boulder Habitat 

The boulder slope at West Island has an upper stratum of Ecklonia radiata and 
Cystophora monilifera from about 2-5 m depth (Fig. 1), with a middle stratum of 
geniculate corallines mostly from 4-5 m depth. 

The distribution of mean percentage cover of algae of the middle and lower (i.e. 
crustose) strata with depth on the upper surfaces of boulders is shown in Fig. 2, and 
of crusose organisms on the under surfaces of boulders in Fig. 3. Upper surfaces of 
boulders have an almost 10096 cover of encrusting algae and geniculate corallines often 
below the canopy of Ecklonia and Cystophora, whereas the under surfaces have a 
somewhat diverse encrusting fauna and flora with a total cover of 50-90% (Fig. 3). 

Distribution and Feeding of Chitons 

Twenty-four species of chiton occur subtidally and one species intertidally. Sixteen 
species examined by us are listed in Table 1 according to feeding type, together with 
data on depth range, mean density, size range and number of gut contents analysed. 
The remaining nine species are listed in the Appendix, but they were either too rare 
to allow feeding studies of them or were in seagrass. The vertical distribution of the 
more abundant species is shown in Fig. 4. The number of species is least in shallow 
water, but increases with depth, so that at 4-5 m depth where boulders are partly 
buried in sediment, most species are present and attain their highest density. 

However, Ischnochiton australis, and to a lesser extent, Ischnochiton elongatus and 
Chiton calliozonus, have lower densities at intermediate than in deeper or shallower 
depths. The decrease in density of these species was not an artifact of sampling because 
replicate samples at 3 m depth gave the same results. 

The proportion of different food organisms in the gut of sixteen species of chiton 
is shown in Figs. 5-7. Six species are herbivorous, with 75% or more of plant material 
in the gut (Fig. 5). They include generalist feeders (I. australis, I. cariosus and Plaxiphora 
albida) and specialist feeders (Ischnochiton torri, Chiton diaphorus and Callochiton 
crocinus) wich feed predominantly on seagrass, crustose corallines, and Petroderma 
crusts respectively. 

Omnivorous species (Fig. 6) eat both plant and animal matter. In three of them (C. 
calliozonus, Chiton torrianus, and Chiton tricostalis), the diet is predominantly crustose 
coralline algae. The remaining four species (Ischnochiton elongatus, Ischnochiton 
lineolatus, Cryptoplax striata and Lorica cimolia), show more diversity in the kind of 
food eaten and variabilty in their proportions within species. Hence it is likely that 
these species are generalists which feed opportunistically according to the local 
availability of food. 

Three species are mainly carnivorous (Fig. 7), with 75% or more of animal material 
in the gut. Notoplax speciosa is almost exclusively a sponge feeder, Ischnochiton 
smaragdinus eats bryozoans and ascidians as well as sponge. Loricella angasi feeds largely 
on amphipods, but also consumes other animal and plant material. According to 
Ludbrook and Gowlett (1984) the latter species traps amphipods by rapidly clamping 
the previously elevated girdle to the substate. 

Four species (Table 1) crawl on to the upper surfaces of boulders at night, and a 
fifth, I. australis, on to the sides of boulders, presumably to feed. The remaining species 
are cryptic, by night as well as by day. 

Differences with depth in the proportions of major food categories eaten were 
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examined for four species. The differences were significant for one or more food 
categories in three species (Table 2). Drift seagrass (mostly Heterozostera tasmanica) 
is only abundant at 5m depth and the availablity of this appears to largely account 
for the differences in the diet of I. australis, 1. cariosus and 1. lineolatus with depth. 

DISCUSSION 

In a recent review, Steneck and Watling (1982) suggested that chitons are herbivores 
which largely specialise on perennial (leathery) macrophytes or crustose corallines. This 
overlooks numerous earlier studies, summarised by Boyle (1977), which show that some 
chitons may consume considerable amounts of animal matter. This is the first account 
of the distribution and diet of a chiton 'guild' in Australian waters, and it shows an 
astonishing diversity of species, with a wide variety of feeding types co-existing over 
a narrow habitat range. The feeding types include herbivores, omnivores and carnivores, 
and there may be generalist or specialists within those categories. Of special interest 
is the carnivorous species, L. angasi, which captures live amphipods; this has otherwise 
been recorded only for the Californian species, Placiphorella velata, Dall (McLean 1962). 

Food resources on the boulders (attached algae and crustose animals) are abundant 
at all depths and apparently more than sufficient for the chiton populations dependent 
on them. Hence food is unlikely either to limit the abundance of these species or 
influence their distribution. An exception is drift seagrass, which only occurs at 4- 
5 m depth. 1. torri, a specialist feeder on this resource, occurs only at these depths, 
and may thus be one species whose vertical distribution is limited by the distribution 
of its preferred food. 

The low abundance of 1. australis at intermediate depths on the boulder slope (Fig. 
4) is enigmatic. The unusual escape behaviour of this species which curls up and falls 
off a rock if disturbed (Ludbrook and Gowlett 1984), would enhance their survival 
of individuals when boulders are rolled about during storms, and may account for 

the abundance of this species in very shallow water. 

It is surprising that only four species emerge at night apparently to feed. Presumably 
there is an abundant supply of food on the undersides of boulders for the other species, 
so that they do not need to make feeding excursions. 

The abundance and diversity of chitons at 4-5 m depth may be due in part to their 
apparent preference for a habitat under boulders partly buried in sediment, and partly 
to the abundance of drift algae and seagrasses, which a majority of these chitons eat. 

Some authors (Adey 1973, Steneck 1977, Brock 1979, Paine 1980) have suggested that 
grazing may be important in maintaining the stability of crustose communities by 
enhancing the growth of competitively inferior species such as coralline algae, or 
removing superior competitors for space such as ascidians. The wide range of feeding 
types present among these chitons shows that they are capable of doing so but whether 
they in fact do so is currently being examined by manipulative experiments. 
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Table 1. List of species of chitons on the boulder slope at West Island, with depth 
range, mean density, mean size and size range, and number of gut contents 
analysed. 

Species Depth Mean Length Number 
Range Density (mm) used 

(m) (Nos. Range in 

m? Mean Feeding 
Study 
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Herbivores 

Ischnochiton 
(Ischnoradsia) 
australis (Sowerby) 

Ischnochiton 
(Heterozona) 
cariosus Carpenter 

Ischnochiton 
(Autochiton) torri 
Iredale & May 

*Chiton 
(Rhyssoplax) 
diaphorus (Iredale & 
May) 

Callochiton 
crochinus Reeve 

Plaxiphora albida 

(Blainville) 

Omnivores 

Ischnochiton 
elongatus 
(Blainville) 

Ischnochiton 
lineolatus 
(Blainville) 

*Chiton 
(Rhyssoplax) 
calliozonus Pilsbry 

*Chiton 
(Rhysoplax) 
torrianus Hedley & 
Hull 

Chiton 
(Rhyssoplax) 
tricostalis Pilsbry 

Cryptoplax striata 
(Lamarck) 

Lorica cimolia 
(Reeve) 

0.5-5 

2-5 

0.5-5 

3-5 

Intertidal 

2-5 

0.5-5 

3-5 

4-5 

6.3 

0.1 

3.7 

1.0 

0.5 

6.0 

10.0 

4.0 

3.0 

0.5 

0.1 

2.0 

29-57 
43.1 

24-37 
29.5 

21-40 
31.8 

21-32 
27.8 

12-26 
19.1 

35-70 
54.0 

18-29 
29.4 

25-36 
23.9 

23-47 
33.8 

24-39 
30.1 

15-23 
17.2 

60-70 
65.0 

16-69 
37.7 

25 

20 

20 

10 

10 

20 

10 

10 

10 

10 



Chiton feeding 107 

Carnivores 

*Ischnochiton 
(Haplopax) 
smaragdinus 
(Angas) 2-4 1.5 18-25 

21.3 10 

Notoplax speciosa 
(H. Adams) 2-5 0.1 13-16 

14.5 2 

Loricella angasi (H. 
Adams) 3-5 0.1 21-47 

36.7 7 

* Observed above boulders during night 

Table 2. Differences in feeding with depth of four species of chiton. Significance levels 
(Mann-Whitney U test) are shown as follows: * = P € 0.05; ** P < 0.01. 

For 1. australis the difference between 0.5 and 2.5 m were not significant; 
differences between 0.5 and 5 m and 2.5 m and 5 m were both significant 
at the level indicated. 

1 Mean 96 of Food in Gut 
Species Depth (m) Encrusting Erect algae Seagrass Animal 

Coralline 
algae 

I. australis 0.5 54.7 39.0 0 0.5 

2.5 42.4 47.1 0 3.6 

5.0 6.8* 1527, 69.6** 4.0 

l. cariosus 2.5 18.0 21.9 18.3 26.7 

5.0 20.8 13.1 59.2 935 

I. lineolatus 2.5 50.0 26.3 14.4 3.2 

5.0 18.1 32.5 39.4 7.4 

C. diaphorus 2.5 81.4 6.7 0 4.0 

5.0 97.3* 0 0 0 

APPENDIX 

Additions to the chiton fauna of West Island 

by Karen Gowlett, 
P.O. Box 362 

BLACKWOOD, S.A. 5051 

Ischnochiton (Ischnochiton) variegatus (H. Adams & Angas) Rare, under smooth rocks 
in sandy pockets, at one metre depth. 

Stenochiton cymodocealis Ashby. On seagrass Amphibolis antarctica at base of stems, 
usually buried in sand, at 5 m depth. 

Stenochiton longicymba (Blainville). Under stones among seagrass beds of Posidonia 
sinuosa, at 5 m depth. This species is usually found in the leaf sheath of the seagrass. 

Callistochiton antiquus meridionalis Ashby Rare, usually under bare rocks at 3-5m deep. 
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Plaxiphora (Fremblya) matthewsi Iredale Usually under rocks in silty situations, at 5 m 
depth. 

Cryptoplax iredalei Ashby Rare, in Abalone Cove, at 3 m depth. 

Acanthochitona gatliffi (Ashby) Rare, under rocks at 3 m deep. 

Acanthochitona pilsbryi (Sykes) Rare, under rocks in sponge at 2-3 deep. 

Acanthochitona suerii (Blainville) Rare, under rocks in sponge at 2-3 m deep. 

Boulder Australia 
x” slope 

+ + + + 
+ + eri ' T $ , SS SS SS NS 
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| \ ( | y y 1 | I I 
seagrasses 
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5 

| 

Ecklonia dominant y Yİ “rustose and sparse 

C.monilifera occasional 0 6 y yl articulate corallines 

metres 

C] Cystophora subfarcinata 

M '.'| Ecklonia radiata 
+ + 

“ О granite blocks 

Fig. 1. Map of West I. and of the algal communities of the boulder slope in Abalone 
Cove. 

Cystophora monilifera 

C.monilifera dominant 
Ecklonia occasional 
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Wea Bare Rock 
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Fig. 2. Distribution with depth of mean percentage cover of middle and lower strata 
on the upper surfaces of boulders in Abalone Cove, West I. 

COT 
wu 
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Fig. 3. Distribution with depth of mean percentage cover of crustose organisms on 
the under surfaces of boulders in Abalone Cove, West I. 
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Fig. 4. Distribution of density of chitons on the boulder slope at West I. 
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qu Qo Co 
I.torri Laustralis l.cariosus 

: 1 7 

C.diaphorus C.crocinus P.albida 

Fig. 5. Mean percentage compostion of food categories in the gut of six species of 
herbivorous chitons. 

Cr.c : Crustose corallines Snd : Sand grains 

Ge.c : Geniculate corallines Asc : ascidians 

Fil : filamentous algae Bry : bryozoans 

Mac : macroalgae Oth : other 

Seag : seagrass Spo : sponge 

Pet. : Petroderma 
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C WW 
Lelongatus İlineolatus C.calliozonus 

Oth 

C.torrianus C.tricostalis C.striata 

T 
L.cimolia 

Fig. 6. Mean percenage composition of focd categories in the gut of seven species 
of omnivorous chitons. 

Notation as in Fig. 5. 

1.зтагаддилиз N.speciosa L.angasi 

Fig. 7. Mean percentage composition of food categories in the gut of three species 
of carnivorous chitons. 

Notation as in Fig. 5. 



ә 
3 a 

i . 

à aT ae jin pe Wiese 

A: 5 tage eei OF food Chtetséribu. in 5 Ish ar 

* i 2. ҹ i: 

; MAL ios 6 erus 266 Sore ines 
d * o. "eu * 1 i 

1 Ye : bt dien cora idis ı 

E rn iac 
= t 7 , 2 “7 

p x NN: xrağrası ‘pone q 
5: зәдә navar "o rug orl (n yagnik boot 1 ә мәбәддә SAKNGDIY тәм d xt Y мы Pencinta 1 Ty au öyövlqıyo M 

3 4f az notio e E djs 

“xəşil 25..0282— k ə "^, rı Lu! ? 2 

Һәнәнә boot to noitadas Sics — - 
. M ын -— 

"eai 2...) 2527 



A new Siphonaria J. Malac. Soc. Aust. 6(3-4): 113-123 

A new siphonariid (Mollusca: Pulmonata) from 
southwestern Australia. 

B.W. Jenkins 
The Australian Museum, Sydney. 

ABSTRACT 

A new species of Siphonaria from southern and south-western Australia is 
described. In addition to the shell and radula, the reproductive system, 
spermatophore and animal's external morphology are described. 

INTRODUCTION 

Ecological studies of rocky intertidal gastropods of southern Western Australia by 
Drs R. Black and M. Johnson (University of Western Australia) uncovered an apparently 
undescribed species of Siphonariidae. Subsequent examination of preserved specimens 
collected from Rottnest Is, Western Australia, and additional specimens in collections 
of the Australian Museum and the Museum of Victoria, previously regarded as juveniles 
of Siphonaria tasmanica T. Woods, 1876, S. denticulata Quoy and Gaimard, 1833 or 
S. diemenensis Quoy and Gaimard, 1833, confirmed this to be a new species of Siphonaria. 

TAXONOMY 

Family — Siphonariidae Gray, 1840 
Genus — Siphonaria Sowerby, 1824 

Type species — Siphonaria sipho Sowerby, January, 1824 (S.D. Gray, April, 1824). 

Taxonomic note: Because of invalid original and subsequent type designations, missing 
type specimens and differing interpretations of the type, a neotype is being erected 
for S. sipho elsewhere under Art. 75 International Code of Zoological Nomenclature. 

Diagnosis of genus 

Shell patelliform, posteriorly broad, apex subcentral and offset to left posterior or 
nearly central; external sculpture of straight to wavy radial ribs spaced by rib interstices, 
siphonal ribs usually distinct on right anterior of shell; interior muscle impression “c” 
shaped with an aperture on the right anterior side of the siphon which is marked 
internally by a siphonal groove; jaw present; radula broad with central tooth and 
numerous laterals; reproductive system with epiphallus and hermaphrodite ducts and 
glands, a bursa copulatrix and a single genital pore; accessory atrium and/or flagellum 
may be present. 

Subgenus Siphonaria Dall, 1870. 
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Diagnosis of subgenus 

Flagellum present; epiphallus duct elongated, thin and muscular but with little 

connective tissue; spermatophore “thread” like with long thin cylindrical body section; 

bursal duct long and thin and opening into the genital atrium close to the spermoviduct; 

accessory atrium absent; shell form and radula dentition variable. 

Siphonaria (Siphonaria) jeanae sp. nov. 
(pls la-j, 2a-i; figs 1,2) 

Shell (pl. 1a-j) (pl. 2a-f) (for definitions of terminology see Jenkins, 1983). 

The shell is small, thin, ovate and slightly broader posteriorly. The apex is offset 

to the left posterior side. The apical sides are convex. Shell height is generally less 

than half the shell width (table 1). The siphonal groove is indicated externally by two 

broad juxaposed radial ribs on the right side of the shell. These siphonal ribs don't 

project beyond the shell lip. Growth striae may be regular and indistinct (pl. 1, a,d,g) 

or more commonly irregular and coarse (pl. 2, a,c,e). This variation in growth striae, 

apparent only in specimens from Ceduna S.A., may be due to differences in habitat 

exposure, for compared to most locations where S. jeanae occurs, Ceduna is sheltered. 

The radial ribbing is flat and unraised with irregular, pale blue-grey ribs and narrower 

brown interstices, both of which narrow and curve adapically. The number of ribs 

is variable (x = 27, sd = 6.3, n = 35) as is rib width (pl. 1, a-i). The shell interior is smooth 

and glossy with a white to pale blue spatula. Between the thin, purplish grey adductor 

muscle scar and the spatula, the interior is purplish brown. The siphonal groove is 

shallow and straight. The brown to grey outer lip is thickened and unsculptured with 

white radial bands corresponding with exterior radial ribs. 
A light brown periostracum covers the shell exterior, although this may be missing 

from many specimens due to the exterior being eroded or overgrown with algae. Most 

specimens from south-western Australia have eroded exteriors, irregular growth striae 

and thickened shell lips (pl 2, a,c,e). 

Shell dimensions 

length mm width mm height mm 

Holotype 11.9 9.3 4.2 

Paratypes (13) x- 10.6 8.1 3.7 
sd= 1.2 1.1 0.6 

large specimen 14.5 11.6 4.6 

M.V. coll 
Albany, W.A. 
small specimen 5.2 4.2 1.5 

A.M. coll 
Rottnest Is, W.A. 

Radula (pl. 2g,h,i) 

The radula has a typically siphonariid morphology; a central tooth with an individually 

variable number of mid and outer lateral teeth arranged in longitudinal rows. 

The mean dentition formula is 25.1.25 (n = 3, sd = 2.6) with about 95 transverse rows 

(sd = 5.3). These rows are parallel and weakly curved (anteriorly convex). One central 

tooth is present and of the 25 half row laterals, 10.5 (sd = 1.2) are mid and 14.5 (sd 

= 2.1) outer lateral teeth means respectively. All teeth are weakly concave posteriorly, 

The central tooth is narrow with a short, pointed mesocone (pl. 2g,h) with a lower 

profile than the flanking laterals. Inner laterals, characterized by having no side denticles, 

are absent. The central tooth’s base is narrow in the mid section with an anterior cleft 

and a posterior notched point providing interlocking articulation with adjacent central 

teeth. The bases of the mid lateral teeth interlock posteriorly and anteriorly. The 
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mesocones of the inner 5-7 mid laterals frequently wear a hole in the back of the 
tooth in front (pl. 2i). Outer laterals do not interlock between transverse rows. The 
space between rows increases to the ribbon edges coupled with a gradual decrease 
in tooth size. The mid lateral teeth are broad based and elongated without flanking 
ectocones (outer side denticles). The outer lateral teeth have both ecto and endocones 
and a squared flat mesocone. The mid lateral's mesocone can be either pointed or 
bicuspidate. Of the radulae examined 2-4 of the inner (X = 2.66, sd = 1.2) and invariably 
2 of the outer mid laterals were bicuspidate, while the central 3-7 mid laterals (x = 
5.66, sd = 2.3) were pointed (pl. 2h,i). 

Reproductive system (figs 1a,b,c) (material preserved in formalin) 

The large yellow, granular ovotestis (ot) is situated in the posterior region of the 
coelom. Joined to the anterior region of the ovotestis by a short pink lobed 
hermaphrodite duct (hd), is the thin white spermoviduct (sd). This duct passes under 
the digestive gland and between the translucent white semicircular folds of the anterior 
(am) and posterior (pg) mucous glands and the white albumen gland (ag). The small 
ovate pink seminal vesicle (sv) is connected by a short thin duct to the junction of 
the hermaphrodite and spermoviducts. The anterior mucous gland decreases in size 
along the spermoviduct to end just before the duct passes around the adductor muscle 
and enters the small genital atrium (ga). Dorsal to the junction of the spermoviduct 
with the genital atrium, the long thin white bursal (or spermathecal) duct (bd) enters 
the genital atrium. The small brown bursa copulatrix (bc) is spherical when holding 
spermatophore but deflated when empty. The cream epiphallus gland (eg), situated 
to the right posterior of the buccal mass, is soft and lobed with a short white flagellum 
(f) branching from the junction of the epiphallus gland and duct. The epiphallus 
duct (ed) is long, thick, white and may be centrally looped (fig. 1b). This duct enters 
the genital atrium almost opposite the bursal and spermoviducts juxtaposed points 
of entry. The small genital pore (gp) opens from the genital atrium under the mantle 
and posterior to the right cephalic fold. 

Spermatophore (figs 1d, e) 

The translucent filamentous tail is 172 to twice the length of the body section. The 
cylindrical body test is thin, white and opaque with a rounded head and a short tapering 
section merging with the tail. Within the bursa up to 4 tightly coiled spermatophores 
may be found. For an animal 9 mm in length the spermatophores are approximately 
5 mm long. 

External morphology (material preserved in formalin) 

The white to pink sole and wall of the foot are translucent to opaque. The animal's 
head is inconspicuous being covered by two large rounded white cephalic folds centrally 
touching over the mouth region. Centralized in each fold is a small black subepithelial 
"eye" spot. The mantle is grey to white, opaque to translucent (generally folded in 
preserved specimens) and fringed by a band of small white subepithelial pigment cells. 
Dense clusters of these are aligned with the white internal shell rib rays. Above the 
cephalic folds under the mantle, the head region is pustulose and stippled with black 
to brown pigment cells. Mucous cells cover the foot sole and wall with increasing 
size and densities around the pneumosomal lobe, over the head, on the cephalic folds 
and along the mantle edge. The genital pore is indistinct, opening on the siphonal 
side between the pneumosome and the cephalic fold under the mantle. 

Remarks 

Although this species is considered correctly placed in the subgenus Siphonaria, a 
forthcoming generic revision will redefine divisive criteria and reassess the generic 
divisions proposed by Iredale (1940), Hubendick (1946) and McAlpine (1952). 
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Type material: (p — preserved, d — dry) 

Holotype: near boat wharf, Ceduna, S.A. AM* C.123712. coll. B.B. Collette and J.R. 

Paxton 4 Feb, 1970. BBC-1433. 

Paratypes: near boat wharf, Ceduna, S.A. AM C.123713 (3p, 4d), SAM* D.16383 (6p). 

coll. B.B. Collette and J.R. Paxton, 4 Feb, 1970. BBC-1433; Neptune Bay, S.A. MV* F.15260 

(5p); Radar Reef, Rottnest Is, W.A. WAM* 1798-83 (5d). coll. R. Black, 4 Aug, 1979. 

Additional material examined: 

(unless otherwise noted material examined is in AM collection) 

W.A.; Esperance; MV F.20912 (10p), Dampster Hd (4d), North Beach (15*p); Hopetoun, 

reef on E. side of jetty (1p); Albany; “The Gap" WAM 2018/19-83 (4p), Frenchman's 

Bay, King George Sound WAM. 2015-83 (15*p), Oyster Harbour WAM 2017-83 (1p); 

Cheyne Beach, near Albany MV Е.20941 (15+p), WAM 2013-83 (15*p); S. coast, near 

Albany (1d); Denmark (1d); Ellensbrook (1d); S. of Cowaramup (2d); Cowaramup Bay 

WAM 2016-83 (1p); Canal Rocks, near Yallingup (1p); Bunker Bay, Cape Naturaliste 

(2p); Peel Inlet, entrance WAM 2014-83 (1p); Rottnest Is; (1d), Salmon Pt MV F. 13120 

(1d), Radar Reef (15+p, 2d), WAM 633-79 (15*p), Strickland Bay, (15*p), WAM 631- 

79 (15+p), W. end of Thomson Bay (8p); Yanchep (15*p); total (174*p, 13d). 

*Abbreviations: 

AM — Australian Museum, Sydney. 
MV — Museum of Victoria, Melbourne. 

SAM — South Australian Museum, Adelaide. 

WAM — Western Australian Museum, Perth. 

Known distribution 

Predominantly on steep to vertical rocky intertidal shores. Presently recorded from 

Kalbarri, W.A. (27°42’S, 114°12’E) (pers. comm. — R. Black) around south-western 

Australia to Ceduna, S.A. (32°08’S, 133°40’E), and Port Robe, S.A. (37910”S, 139°45’E) 

(pers. comm. R. Black). Extensive searching along Victorian and southern N.S.W. shores 

has failed to establish the existence of S. jeanae east of Port Robe. 

Electrophoretic analysis of enzyme polymorphism in specimens from Port Robe and 

Point Sinclair S.A., and Esperance, Rottnest Is. and Kalbarri W.A. (by R. Black and M. 

Johnson, University of W.A.) provides supporting evidence that these animals are the 

same species (R. Black — pers. comm.). 

Etymology 

This species is named after my wife and best friend, Vicki Jean. 

DISCUSSION 

Three distinct congenors overlap in distribution with S. jeanae; S. zelandica Quoy 

and Gaimard, 1833 has a southern distribution that extends from the eastern to western 

coasts of Australia, (Jenkins, 1983: fig. 2), S. diemenensis overlaps around Port Robe 

from a southeastern distribution and S. kurracheensis Reeve, 1856 overlaps on the 

southwestern Western Australian coast from a northern distribution. 

The shells of these three species show no resemblance to S. jeanae (table 1). S. zelandica 

is large and apically low having a pale interior with a white to yellow spatula and 

broad slightly raised radial ribs spaced by light brown rib interstices (Jenkins, 1983: 

pls 1-2). The pale shell of S. kurracheensis is large and apically tall with strongly convex 

apical sides, prominent siphonal ribs, thickened and raised radial ribs and a brown 

to white spatula. S. diemenensis is also large and apically tall with thick, white raised 
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ribs spaced by dark brown rib interstices. The shell interior of this species is brown 
with a darker brown spatula. 

The reproductive systems of S. kurracheensis and S. diemenensis resemble that of 
S. jeanae. All possess long thin epiphallus and bursal ducts, a small epiphallus gland 
and flagellum with the ovotestis, hermaphrodite duct and seminal vesicle all 
proportionally similar. However, S. diemenensis differs in having no accessory atrium 
with thinner and longer epiphallus and bursal ducts (Hubendick 1946; 38; McAlpine, 
1952: 40, fig. 2). By possessing a large muscular accessory atrium, a “thread” like 
spermatophore and a large albumen/mucous gland complex, S. kurracheensis is 
subgenerically separated from S. jeanae. S. zelandica differs in having a small accessory 
atrium, a short “spur” like flagellum, a short thickened epiphallus duct, a large epiphallus 
gland and genital atrium, and a bulbous spermatophore (Jenkins, 1983: figs 3a, b, c: 

- bifurcata in McAlpine 1952: 40 fig. 3). 

Although S. tasmanica and S. denticulata are distributionally separated from S. jeanae 
(distributions in southern Victoria to Tasmania, and around northern Australia from 
Lakes Entrance, Victoria to Broome, Western Australia, respectively). S. jeanae was 
previously considered a juvenile of these due to similarities in shell ribbing and 
colouration. 

The reproductive system of S. tasmanica, a member of the subgenus Liriola Dall, 
1870, differs in having no flagellum, a large muscular accessory atrium, epiphallus duct 
and gland, a short thick bursal duct and a large bursa copulatrix (Jenkins, 1981; fig. 
3c; Hubendick, 1946: 28). The shell of S. tasmanica is larger and taller than S. jeanae 
(table 1) and is distinguished by prominent axial bands of blue, broad and flat radial 
ribs and a dark brown spatula (Hubendick 1946; pl. 1, figs 12, 13, 14). 

The reproductive system of S. (Siphonaria) denticulata differs markedly from S. jeanae 
in having a large muscular accessory and genital atrium, long, thin bursal, hermaphrodite 
and epiphallus ducts. The flagellum is longer and the epiphallus gland is much smaller 
than those of S. jeanae. 

The large shell of S. denticulata doesn't resemble the shell of S. jeanae, but is similar 
to that of S. diemenensis, having prominent raised white ribs spaced by dark brown 
rib interstices with a dark brown interior but with a white to yellow spatula (eroneously 
synonymized with S. diemenensis in Hubendick, (1946: 38, pl. 2, figs 14, 15, 17). 

Another conchologically similar species to S. jeanae is the small, Indo West Pacific 
(Hawaii to Christmas Is, Indian Ocean) siphonariid S. normalis Gould, 1864. However, 
with a northern Australian distribution, south to Dampier in Western Australia, S. 
normalis is distributionally separated from S. jeanae, and the shell is distinguished by 
having raised ribbing, two prominant siphonal ribs, no external bluish colouration and 
a dark brown shell margin. The reproductive system of S. normalis differs in having 
two flagellam on the epiphallus gland, an accessory organ and a smaller hermaphrodite 
duct. 
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— e 
5mm 5mm 

Plate 1. S. jeanae sp. nov. a-c). holotype, Ceduna, S.A. (repro. syst. fig. 1a; rad pl. 
2g); d,e) paratype Ceduna, S.A.; f) Rottnest Is, W.A.; g, h) paratype, Ceduna, S.A.; 
i, j) paratype, Radar Reef, Rottnest Is, W.A. 
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Plate 2. S. jeanae sp. nov. a-f) paratypes, Radar Reef, Rottnest Is., W.A.; g-i) radula, 
central and mid lateral teeth; g) holotype, Ceduna, S.A. X 1400 sem stub 1201 (shell 
pl. Ла, b, c; repro. syst. fig. Ла), h, i) paratype, Radar Reef, Rottnest Is., W.A. Һ) 
X 480; i) X 710; SEM stub 1202. 
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Figure 1. The reproductive system and spermatophore of S. jeanae sp. nov. a) holotype, 
Ceduna, S.A. (shell pl. 1a, b, c; rad. pl. 2g); b) paratype, Ceduna, S.A.; c) paratype, 
Radar Reef, Rottnest Is., W.A.; d-e) spermatophore, paratype, Radar Reef, Rottnest 
Is., W.A. 
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Figure 2. Distribution of S. jeanae sp. nov. 

Abbreviations 

ao — accessory atrium, ag — albumen gland, am — anterior mucous gland, bc — 
bursa copulatrix, bd — bursal duct, ed — epiphallus duct, eg — epiphallus gland, 
f — flagellum, ga — genital atrium, gp — genital pore, hd — hermaphrodite duct, 
ot — ovotestis, pg — posterior mucous gland, sd — spermoviduct, sv — seminal 
vesicle. 
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A review of diets in the Notaspidea 
(Mollusca: Opisthobranchia) 

Department of Zool GARE BOT Q land, St. L epartment of Zoolo niversity of Queensland, St. Lucia, 
ğ Eüeersland/4067 

ABSTRACT 

This paper revievvs the scattered and often anecdotal literature on foods for 
the opisthobranch order Notaspidea. All Umbraculacea are sponge-feeders 
(accepting sponges of the class Demospongiae only). The Pleurabranchacea shows 
a diversity of diet: Berthella species eat sponges (Demospongiae), Berthellina 
species eat sponges (Demospongiae, ? Calcarea) and cnidarians (Scleractinia — 
not previously reported; ? Actiniaria); Pleurobranchus species eat ascidians; 
Pleurobranchaea (and apparently Pleurobranchella) species are opportunistic 
carnivores that accept a range of soft-bodied invertebrates (Cnidaria; Annelida; 
Mollusca). It appears that cnidarians (Actiniaria; Hydroida) are amongst the more 
preferred items in the diet of Pleurobranchaea species. The review is supplemented 
with observations on feeding of Berthellina citrina (Rüppell & Leuckart) and 
Pleurobranchaea maculata (Quoy & Gaimard) made at Leigh, New Zealand. 

INTRODUCTION 

Investigations on nutrition in opisthobranchs are few in comparison to works on 
their taxonomy. However, studies on the feeding habits of species of the more advanced 
orders (Notaspidea, Anthobranchia (= Doridacea), and Nudibranchia sensu Minichev, 
1970), all of which are carnivorous, are appearing gradually. Recent studies build upon 
the classical works on aeolids (Braams & Geelen, 1953; Steehouwer, 1955). There have 
been some sophisticated (laboratory and field) studies recently on dorids (Potts, 1970; 
Elvin, 1976; Seed, 1976; Perron & Turner, 1977; Nybakken & Eastman, 1977; Barbour, 
1979; Eyster & Stanyck, 1981) and aeolids (Morse, 1971; Harris, 1973; 1975; Harris et 
al., 1975; Edmunds, 1975; Edmunds et al., 1974; 1976; Christensen, 1977; Conklin & 
Mariscal, 1977; Day & Harris, 1978; Rudman, 1979; 1981a; 1981b; Hall et al., 1982). 
McDonald & Nybakken (1978) have presented a thorough summary of the diets of 
Californian nudibranchs. Research on the Notaspidea lags far behind. The majority 
of observations on food and feeding available for members of this order in the literature 
are by-products of taxonomic studies. Some observations appear paradoxical at present, 
but there is a long way to go and surprises can be expected. 

Since the Anthobranchia and Nudibranchia probably evolved from the Notaspidea 
(Odhner, 1939), or at least through a “pleurobranch grade" of organization (Minchev 
& Starobogatov, 1978; Willan, 1983), the Notaspidea is significant when considering 
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overall evolution of feeding patterns in the Opisthobranchia. An understanding of food 

types and nutritional physiology amongst the Notaspidea is also important in tracing 

evolution within the nudibranchiate orders. In fact there are many parallels in feeding 

biology between anthobranchs and pleurobranchs. 

The order Notaspidea has two suborders — Umbraculacea and Pleurobranchacea. 

The Umbraculacea contains one family (Umbraculidae) with three genera — 

Umbraculum Schumacher, Tylodina Rafinesque, Tylodinella Mazzarelli (Odhner, 1939; 

Pruvot-Fol, 1954). There are no studies specifically on feeding for any umbraculacean. 

The Pleurobranchacea also contains one family (Pleurobranchidae) with two subfamilies 

and eight genera (Pleurobranchinae — Pleurobranchus Cuvier, Berthella Blainville, 

Berthellina Gardiner, Pleurehdera Marcus & Marcus, Bathyberthella Willan; 

Pleurobranchaeinae — Pleurobranchella Thiele, Pleurobranchaea Meckel in Leue, 

Euselenops Pilsbry) (Willan, 1983). Detailed accounts of food or feeding are those on 

Pleurobranchus membranaceus (Thompson & Slinn, 1959), on Berthellina citrina (Usuki, 

1969; Marbach & Tsurnamal, 1973), on Berthella plumula (Delaloi & Tardy, 1977) on 

Pleurobranchaea californica (Chivers, 1967; Lee et al., 1974) and on Pleurobranchaea 

maculata (Ottaway, 1977b). 

Moquin-Tandon (1870), Vayssiere (1883) and MacFarland (1966) have given accounts 

of the structure of the alimentary canals of Umbraculum mediterranea, Tylodina citrina 

and Tylodina fungina respectively. The gut of the Pleurobranchidae has been described 

by Lacaze-Duthiers (1859), Vayssiere (1898), Guiart (1901) and Thompson and Slinn (1959). 

The alimentary canal, which is stereotyped throughout the latter family, is almost unique 

amongst opisthobranchs in possessing a single, dorsal accessory gland (the “acid gland") 

that produces a strongly acidic secretion (Thompson & Slinn, 1959; Kandel, 1979). The 

structure of the extrinsic buccal muscles of the Pleurobranchidae was covered by Brace 

(1977) in his broader study of the muscular anatomy of the cephalopedal mass and 

accounts of the intrinsic buccal musculature have been presented by Bergh (1898), 

Hoffmann (1939) and Marcus and Marcus (1957). The mode of operation of both sets 

of buccal muscles and their nervous co-ordination has been investigated experimentally 

by Davis and Mpitsos (1971), Davis et al. (1973) and Lee and Liegeois (1974). 

This paper compiles and assesses the widely-scattered data on notaspidean diets and 
is augmented with personal observations made in (particularly New Zealand and 

Australia. Each genus of the order is considered separately in this review because there 

is hardly any overlap between references from one genus to the next. The work concludes 

with a summary on feeding relationships within the order Notaspidea. 

REVIEW 
Tylodina and Tylodinella 

Notaspideans belonging to these two small genera are exclusively sponge feeders. 

They eat sponges belonging to the class *Demospongiae and, in fact, all sponges 

identified hitherto as foods belong to a single order (Verongida) and family 

(Aplysinellidae). The European Tylodina perversa feeds on Aplysina crassa [previously 

called Verongia aerophoba] (Haefelfinger, 1962; Boury-Esnault, 1971; Ros, 1975). The 

Californian Tylodina fungina eats Aplysina fistularis [previously Verongia thiona] (Ricketts 

& Calvin, 1939; Lance, 1961; Sphon & Mulliner, 1972; Ros, 1975; Nybakken, 1975; Farmer, 

1980; Beeman & Williams, 1980); actually Behrens (1980) claimed T. fungina subsisted 

exclusively on this one sponge. Tylodinella spongotheras, a Canadian species, was found 

on Aphrocallistes vastus (class Hexactinellida, Dictyonina), the interstices of which were 

filled with Aplysina sp. (Bertsch, pers. comm., 1979; Bertsch, 1980). 

The Australian Tylodina corticalis also feeds on aplysinellid sponges. Of the four 

Tylodina corticalis | have collected live, two were together on the aplysinellid 

Pseudoceratina sp. and had obviously been eating it (pers. obs., 18 m, Julian Rocks, 

northern New South Wales, 30 Jan. 1983). Coleman (1975: 100) recorded that this 

* Higher classification for sponges follows Bergquist, 1978; 1980. 
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Australian species ate sponges exclusively and provided a coloured illustration of a 
specimen in situ on a massive orange sponge belonging to the family Thorectidae 
(order Dictyoceratida). It is not known if the Tylodina was actually eating this sponge; 
if so Tylondina corticalis may have a slightly broader dietary range than its congeners. 

Umbraculum 

All references indicate that species of this genus (of which there are probably no 
more than two throughout the world (Thompson, 1970)) feed on sponges, although 
the particular poriferan taxa are not usually specified (Moquin-Tandon, 1870; Graham, 
1955; Abbott, 1974; Ros, 1975; Coleman, 1975: 103; Coleman, 1981: 64). 

The taxa of sponges now known to be accepted as food by Umbraculum are notably 
more diverse than those eaten by the previous two genera. And it is interesting that 
sponges belonging to the orders Verongida and Dictyoceratida are entirely absent from 
those presently recorded as food for Umbraculum species. 

Coleman (1975: 102; 1981: 63) provided coloured illustrations of Umbraculum sinicum 
in situ; in each case the animal was on top of a massive sponge — presumably its 
food. The sponge depicted in the latter figure belongs to the Spirastrellidae 
(Hadromerida). 

As part of her field studies on subtidal sponge ecology at Leigh, New Zealand, Ayling 
(1978) observed Umbraculum sinicum feeding on five demospongiid sponges: Tethya 
aurantium; Tethya ingalli; Aaptos aaptos (Hadromerida, Tethyidae); Ancorina alata 
(Hadromerida, Stellettidae); Plakina trilopha (Homosclerophorida, Plakinidae). From, 
personal observations at the same locality | can add Tethya amplexa (Hadromerida, 
Tethyidae) to Dr Ayling’s list, and | have also witnessed U. sinicum eating Ancorina 
alata. In addition, Ayling (1978) tracked a single U. sinicum for 18 months and during 
that period it ate specimens of four different sponge species. 

Umbraculum sinicum appears not to wholly consume its sponge food (Ayling, 1978; 
pers. obs.) but it does cause extensive damage (Fig. 1). Coleman (1981) reported U. 
sinicum to eat "entire colonies [of sponges] down to the base". U. sinicum devours 
the inner layers of tethyid sponges to leave merely a hollow ball of cortical tissue. 

Species of the Umbraculidae do not have a protrusible pharynx, so the food must 
be brought in direct contact with the mouth which is located in a cleft at the anterior 
end of the foot (Willan & Morton, 1984). 

Berthella 

There is a dearth of information concerning diet for members of this large and: 
widespread genus. The only detailed study is that by Delaloi and Tardy (1977) on Berthella 
plumula. This pleurobranch feeds at night on the sponge Oscarella lobularis 
(Demospongiae, Homosclerophorida, Oscarellidae), excluding all other sponges and 
ascidians found in the same environment and tested as possible food. The observations 
were repeated by Bouchet et al. (1978). Pruvot-Fol (1954) and Ros (1975) reported three 
Mediterranean species of Berthella to feed on sponges and other molluscs. | have 
found spicules belonging to Plakina monolopha (Demospongiae, Homosclerophorida, 
Plakinidae) in the faeces of Berthella ornata from New Zealand. 

Thompson and Slinn (1959) and Yonge and Thompson (1976) surmised Berthella 
plumula [and Berthellina engeli] fed on compound ascidians because that is the diet 
of the only other British pleurobranch — Pleurobranchus membranaceus. 
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FIG. 1. Illustration shows a large sponge (Ancorina alata) from which an Umbraculum 
sinicum that was feeding had just been removed. Note how the sponge's tissues have 
been hollowed out by the slug. Photographed in 17m, "Sponge Garden". Leigh Marine 
Reserve New Zealand, J.M. Dollimore, 22 March 1978. Scale bar represents 1cm. 

Berthellina 

Marcus and Marcus (1967: 44) cited the observations of Professor F.M. Bayer that 
Berthellina quadridens ate sea anemones in the laboratory. Further evidence of the 
food of Berthellina species comes from faecal analyses. On this basis, Marbach and 
Tsurnamal (1973) inferred B. citrina was a sponge feeder; spicules belonging to species 
of Demospongiae (Myriastra purpura, Desmacella sp., Biemma sp., Mycale sp., Damira 
schmidti, Callyspongia crassa) and even Calcarea (Sycon sp.) were identified. Hill (1963) 
recognised sponge tissue and numerous broken sponge spicules in the stomach of 
B. citrina. Thompson (1977) concluded Berthellina quadridens was also a sponge feeder. 
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Several authors have reported algal material in the gut of Berthellina species (Gohar 
& Abul-Ela, 1957; Usuki, 1969; Marbach & Tsurnamal, 1973). Marbach and Tsurnamal 
(1973) also found minute crustaceans and calcareous spicules from a didemnid ascidian 
in the gut of B. citrina. Macnae (1962) reported finding partially digested shrimps in 
the stomach of two B. citrina. These unlikely plant and animal remains were probably 
ingested accidentally along with the principal food. 

Mr Scott Johnson has very generously permitted me to include his (largely 
unpublished) observations on feeding of Berthellina citrina in Hawaii in this review. 
He found this pleurobranch, which is nocturnal, to feed not only on sponges (Terpios 
zeteki (Demospongiae, Hadromerida, Suberitidae), Leucetta solida (Calcarea, Leucettida, 
Leucettidae) and an unidentified red encrusting sponge) but also on three species of 
corals (Tubastrea coccinea (Scleractinia, Dendrophyllidae), Porites lobata (Scleractinia, 
Poritidae) and Leptastrea purpurea (Scleractinia, Faviidae)) (Johnson, pers. comm., 1979; 
1980). Mr Johnson has published a magnificent coloured photograph of a Berthellina 
citrina feeding on Tubastrea coccinea (Bertsch & Johnson, 1981: 26) and most generously 
permitted me to reproduce that illustration in ths review (Fig. 2). 

241 r; P^ a ^, I | EN A x M дк amt “Lk. : R MS as ub 

FIG. 2. Berthellina citrina eating the coral Tubastrea coccinea. Photographed at night 
in a cave in 8-12 m, Puako, Hawaii. S. Johonson, May 1978. Extended crawling length 
of slug 45 mm. From Bertsch and Johnson, 1981. 

Considering the abundance of Berthellina citrina in Hawaii, the incidence of coral 
feeding appears to be low (Johnson, pers. comm., 1980). Mr Johnson has observed 
B. citrina feeding most frequently on Tubastrea coccinea (on more than 20 separate 
occasions). Observations have been made at the following locations: Puako (Hawaii 
Island); Yokohama and Pupukea (Oahu Island). All observations were made at night 
in depths between eight and ten metres. These are the first authentic records of a 
pleurobranch eating scleractinian corals. . 

Whilst collecting pleurobranchs for taxonomic studies at the University of Auckland’s 
marine field station at Leigh, New Zealand (36°16'S; 174°47’E) from 1974 to 1979 I often 
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observed Berthellina citrina feeding in the field and conducted some preliminary 

investigations on the diet of this pleurobranch in the laboratory (Willan, 1975). Berthellina 

citrina spends the daytime resting in depressions on the undersurfaces of stones that 

lie on clean sand or shell gravel; at night animals emerge in search of food. B. citrina 

cannot be induced to feed in the light under any circumstances. Animals consistently 

display a strong negative phototactic response (Strasburger, 1879) when crawling or 

feeding activity is interrupted by the beam of an underwater torch. Bertsch (1970) has 

described an identical light avoidance response in B. engeli from North America, and 

Marbach and Tsurnamal (1973) have also reported the nocturnal behaviour of B. citrina 

in the Red Sea. 

Spicules from four tetractinomorph demospongiid sponges were identified from the 

faeces of field-collected Berthellina citrina; these sponges were Ciocalypta polymastia, 

Hymeniacidon hauraki, Raspailia sp. and Suberites sp. However, these faeces had been 

treated with dilute nitric acid (according to a method recommended by Dr P.R. Bergquist, 

and routinely employed by sponge workers) so remains of calcareous sponges or other 

soft-bodied invertebrates would not have been detectable. In the laboratory, Berthellina 

citrina that had been starved for 48 hr or longer, consumed the following ten sponges: 

Tethya aurantium; T. deformis; Halichondria moorei; Ciocalypta polymastia; Microciona 

coccinea; M. rubens; lophon minor; Damira sp.; Coelosphaera calcifera; Tetrapocillon 

novaezelandiae. The Halichondria moorei; lophon minor, Damira sp., Tethya deformis 

and Tetrapocillon novaezelandiae were almost completely devoured, the other five 

to a lesser extent. Four other sponges were offered, but were not eaten: Cliona celata; 

Ciocalypta polymastia; Hymeniacidon spherodigitata; Clathrina sp. These qualitative 

results show that Berthellina citrina, even at a single locality, has a broad dietary range 

and will (presumably preferentially) select sponges belonging to the orders Hadromerida, 

Halichondrida and Poecilosclerida of the Demospongiae. Preliminary laboratory tests 

indicate B. citrina locates its food by chemotactic behaviour. 

Usuki (1969) reported that capitve Berthellina citrina readily accepted squid meat. 

None of my experimental animals, however, would touch meat. 

Bathberthella and Pleurehdera 

No information is available concerning food for either species of these two monotypic 

pleurobranch genera. This is because the former is only known from deep water 

(>1600m) and the latter is presently known from only a single specimen. 

Pleurobranchus 

The fullest account of feeding by a member of this genus is the study by Thompson 

and Slinn (1959) on Pleurobranchus membranaceus in England. That species ate ascidians 

in the laboratory; both solitary and compound forms being accepted readily. P. 

membranaceus drilled through the test of larger solitary ascidians (e.g.,Ascidia mentula, 

Ascidiella aspera) and ingested colonial ascidians whole (e.g., Botryllus schlosseri) 

(Thompson & Slinn, 1959; Thompson, 1976; Thompson & Brown, 1976; Yonge & 

Thompson, 1976). Yonge (1949) observed P. membranaceus waiting beside a contracted 

ascidian with its oral tube poised above an unopened siphon. As soon as the ascidian 

opened, the Pleurobranchus plunged its proboscis in to eat the soft viscera. This diet 

of ascidians is reported in almost every general account of P. membranaceus (Hunt, 

1925; Hyman, 1967; Morton, 1979). 

Remains of ascidians have been found in the gut of several Pleurobranchus species: 

P. grandis and P. mamillatus (Vayssiere, 1898); P. ovalis (Thompson, 1970); P. grandis 

(Marcus & Marcus, 1970); and P. evelinae (Thompson, 1977). Ros (1975) quoted Vayssiere's 

earlier report of P. testudinaria feeding on ascidians. MacFarland (1966) (repeated by 

Nybakken, 1975) inferred P. strongi fed on compound ascidians because it was regularly 

found on or near these organisms. Thompson (1977) suggested that it would be unlikely 

for the North American P. areolatus to feed on anything but ascidians because all 

of its congeners possess that diet. 
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The only authors to report any food for Pleurobranchus species apart from ascidians 
were Marcus and Marcus (1963). They found “masses of Globigerinae" in the stomach 
of P. areolatus. 

Pleurobranchaea 
There is more literature on food and feeding biology for species belonging to this 

genus (especially Pleurobranchaea californica, P. maculata and P. meckelii) than any 
other in the Notaspidea. Species of Pleurobranchaea are notorious for their carnivorous 
habits. Beeman and Williams (1980) reported that P. californica was often taken on 
set lines and in crab pots. Captive specimens will devour raw meat, squid or fish 
(Mestayer, 1920; pers. obs., 1974), other opisthobranchs (Burn, 1957; 1966a: 107; 1966b; 
Harris, 1973; Chamberlain & Behrens, 1980; Beeman & Williams, 1980), smaller specimens 
of their own species (Bergh, 1897; Hirsch, 1915; Pruvot-Fol, 1927; Marcus, 1957; Coan, 
1964; Chivers, 1967; Beeman & Williams, 1980), or their own spawn (Davis et al., 1974a; 
Truman, 1978). Hirsch (1915) mentioned this cannibalistic habit; one P. meckelii (41 
gm) examined by him had a 27 gm specimen in its stomach. Sometimes Pleurobranchaea 
species are cannibalistic in nature as Marcus and Marcus' (1957: 24) observations attest. 
Nowadays P. californica is maintained routinely in the laboratory, solely on a diet of 
raw squid meat (e.g., Lee & Palovcik, 1976; Davis et al., 1977). Coan (1964) cautioned 
that behaviour exhibited by animals in captivity might not be a good indicator of the 
behaviour of the species in nature. 

Compilation of observations on food types derived through gut analyses from field- 
collected specimens produces a bewildering array of potential foods. Vayssiére (1901) 
found remains of two species of thecate hydroids in the gut of P. maculata. Marcus 
and Marcus (1966) recovered hydroids, caprellids and other amphipods from P. gela; 
they found hydroids, polychaetes and crustaceans in P. occidentalis (Marcus & Marcus, 
1967); and they recovered a polychaete from P. hedgpethi (Marcus & Marcus, 1969). 
Chamberlain and Behrens (1980) found the following items in the gut of P. californica: 
opisthobranch molluscs; isopods; copepod exuviae; fish scales; "transparent tunicate- 
like organisms". 

Starmühlner (1968) claimed Pleurobranchaea meckelii ate ascidians and sponges, and 
Schmekel (1968) suggested this species fed on other opisthobranchs (both were repeated 
by Ros (1975)). 

It can be certain that Pleurobranchaea species are opportunistic carnivores. They 
are voracious feeders and forage actively. Live food seems to be preferred to dead 
material. Hirsch (1915) (quoted by Hyman, 1967) is the only author to suggest 
Pleurobranchaea species scavenge dead organisms; according to him Pleurobranchaea 
meckelii “roams the bottom for corpses which it detects only by contact”. Apparently, 
almost any soft-bodied invertebrate is vulnerable to attack and ingestion. P. maculata 
will attack (see later description of feeding behaviour) organisms with protective shells 
(e.g., gastropods, bivalves, crustaceans), but it cannot ingest them. Similarly P. californica 
will not swallow the spicule-containing dorid nudibranch Aegires albopunctatus (Harris, 
1973). Such foods as are acceptable would be taken according to their abundance 
at a particular time or to a preference on the part of the Pleurobranchaea. 

It appears that cnidarians are some of the most preferred items in the natural diet 
of Pleurobranchaea species. This view arises in part from the reports of Vayssiere (1901) 
and Marcus and Marcus (1966; 1967). Support comes from observations made by Moore 
(1964), Chivers (1966), Harris (1973), Ottaway (1977a; 1977b) and Beeman and Williams 
(1980). Moore (1964, quoted in Garlo, 1977) noted P. tarda on floating Sargassum sp.; 
this alga would be very likely to harbour hydroid colonies. Chivers (1967) witnessed 
an attack by a large P. californica on a medium-sized Anthopleura .elegantissima 
(Actiniaria, Actiniidae); the pleurobranch almost completely devoured the sea anemone 
in less than ten minutes. Harris (1973) observed that Pleurobranchaea [presumably 
californica] readily attacked anemones. Beeman and Williams (1980) reported that P. 
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californica ate Anthopleura elegantissima. Ottaway (1977a) listed P. maculata as a predator 

of Actinia tenebrosa (Actiniaria, Actiniidae). Ottaway (1977b) subsequently gave more 

details, based on laboratory trials, of the method of attack of P. maculata on this actinian 

(see Figs. 3 and 4). He recorded that one P. maculata (90mm in length) was capable 

of eating 100 A. tenebrosa in three and a half days. Ottaway's findings led him to 

conclude predation by P. maculata could be an important biological factor in restricting 

A. tenebrosa to the intertidal zone (Ottaway, 1977b). 

FIGS. 3, 4. Pleurobranchaea maculata eating an actinian (Actinia tenebrosa). 

FIG. 3. Animal making a feeding lunge at the anemone; note protracted lips and buccal 

mass, cupped oral veil and forward-directed rhinophores. 

I. Cats NS. A 

FIG. 4. Animal feeding on the anemone’s column. Photographed in an aquarium, Edward 

Percival Marine Laboratory, Kaikoura, New Zealand. J.R. Ottaway, September 1974. 

Extended length of slug 90 mm. From Ottaway, 1977b. 
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The view that cnidarians form a significant part of the natural diet of Pleurobranchaea 
species is further strengthened by my observations on P. maculata in New Zealand. 
| have seen P. maculata eating Isactinia olivacea (Actiniaria, Actiniidae) in the field 
(pers. obs., Leigh, May 1974). I have also collected a juvenile of this same species on 
buoy ropes so thickly covered with hydroids as to exclude all other organisms (pers. 
obs. Tataraimaka, Taranaki, May 1978). Cnidarians are certainly capable of supporting 
sustained growth and reproduction of Pleurobranchaea species in the laboratory in 
the absense of all other foods. In Australia, | have kept P. maculata alive for up to 
two months on a diet of Actinia terebrosa and in New Zealand | kept P. maculata 
in captivity on numerous occasions between 1974 and 1979. Specimens were maintained 
for up to four months and fed on actinians (mostly Anthopleura aureoradiata, sometimes 
Isactinia olivacea or Actinia tenebrosa or Anthothoe albocincta). On this diet the 
Pleurobranchaea grew naturally. When continually supplied with Anthopleura 
aureoradiata, P. maculata is capable of eating an average of 2.3 actinians per day (based 
on only two sets of observations; water temp. 8-149C). 

A hungry Pleurobranchaea maculata will actively seek food in daylight. This 
observation agrees with Davis and Mpitsos' (1971) findings that in Pleurobranchaea 
[californica] the urge to search for food suppressed the normal diurnal light response. 
In fact, recent experimental investigations have revealed a "behavioural heirachy" in 
Pleurobranchaea, wherein certain important behaviours are superior or subordinate 
to others. Escape swimming dominates egg laying, which dominates feeding, which 
dominates righting, withdrawal and mating (Davis et al, 1977). Therefore if a 
Pleurobranchaea is placed on its back and given food simultaneously it will ingest 
the food before righting itself; this observation, first made for P. californica (Davis 
et al., 1974a), holds true for P. maculata (pers. obs.). The neurophysiological mechanisms 
underlying this "singleness of action" behaviour are being investigated intensively by 
Davis and co-workers (Davis et al., 1973; 1974a; 1974b; Lee & Liegeois, 1974; Kovak 
& Davis, 1977; Siegler, 1977; Davis & Gillette, 1978; Gillette et al., 1978). With appropriate 
(“avoidance”) conditioning, Pleurobranchaea is capable of modifying its “behavioural 
hierarchy” (Mpitsos & Davis, 1973; Mpitsos & Collins, 1975; Davis et al., 1977; Davis 
& Gillette, 1978). For example, starved animals have been trained (using a combination 
of food and electric shock) to suppress the feeding reponse and withdraw from food. 
The “behavioural hierarchy” of Pleurobranchaea can be modified directly by the 
influence of hormones; Ram and Davis (1977) discovered an egg-laying hormone 
(produced by the pedal ganglion) that causes inhibition of feeding. 

Pleurobranchaea species apparently locate their food, at least over relatively great 
distances, by chemotaxis. In contrast to the report of Hirsch (1915), Lee et al, (1974) 
showed by controlled experiments that Pleurobranchaea californica could locate food 
from a distance. These authors found that crawling by an animal in response to food 
chemicals was not random, and that if the chemical gradient emanating from the food 
source was strong enough, animals consistently turned towards the food. They also 
investigated the location of chemical receptors (found mainly on the anterior border 
of the oral veil and foot, and rhinophoral tips) and satiation (which occurred after 
consumption of food equal to between five and ten per cent of body weight). 

Lee and Palovcik (1976) defined states of activity to Pleurobranchaea californica with 
respect to stages of the feeding cycle. They found certain reflex actions of the body 
(responses to tactile stimuli) waned depending upon which state the subject was in. 
Changes in state were brought about by chemical or tactile stimulation. 

The feeding behaviour of Pleurobranchaea maculata has not been fully reported 
previously. P. maculata exhibits the same behavioural sequence whenever food is 
encountered, and it consists of two phases. When the papillae that line the anterior 
edge of the oral veil contact a prey item, the stimulated region of the oral veil contracts 
at once (possibly as the result of stings by nematocysts if the prey is a cnidarian). At 
the same time the edges of the oral veil curve downwards to form a hemispherical 
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cup that prevents escape by any mobile organism. Almost instantaneously the oral 

tube is everted beneath the veil and thrust in the direction of the food stimulus. The 

rhinophores contract into the space between the oral veil and mantle. The jaws are 

at the tip of the oral tube and in this initial attack they come together with a grasping 

or clamping action. 

Usually a single feeding lunge is sufficient to trap the prey, although the jaws 

themselves usually undergo several grasping cycles. Forward motion ceases, the anterior 

margin of the foot becomes embayed to surround the food from behind and on the 

sides, and the oral veil remains positioned above and in front of the prey (Fig. 6). 

FIGS. 5, 6. Feeding behaviour of Pleurobranchaea maculata. 

FIG. 5. Ventral view of specimen eating an actinian. 
FIG. 6. Dorsal view of specimen making a feeding lunge. 
Abbreviations: an. — pedal disc of sea anemone; c.f. — crenulation in anterior margin 

of slug’s foot; I. — lips. 

With the prey thus surrounded, Pleurobranchaea maculata changes its position and 

feeding rhythm. The body flattens, the edges of the body and foot beco
me outstretched 

with the mantle compressed against the foot on all sides. The anterior part of the 

body is raised so that the radula operates in a vertical plane (Fig. 5). The radula and 

jaws undergo regular, rhythmic cycles (about 10 per minute) as the slug rasps at the 

prey's tissues. Most often the rasping cycles are interrupted by pauses during which 

the oral tube remains partially protracted. After such a pause the slug may resume 

feeding with a few large grasping cycles by the jaws (similar to those produced on 

initial contact) before radular rasping resumes. 

If the prey is small it is swallowed whole. The initial grasping cycles of the jaw are 

sufficient to ingest the prey without any trituration by the radula. On such occasions 

the jaws continue their grasping movements (though the rate of action is greatly slowed), 

and this results in a gulping action which takes in the prey. 

The threshold of stimulation required to induce the initial feeding lunge (with oral 

veil cupping and proboscis protrusion) is extremely low. | have found this behaviour 

can be elicited by touching one of the papillae on the slug's oral veil with a single 

excised sea anemone tentacle (offered with forceps). 
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Items unacceptable to Pleurobranchaea maculata (such as algae, sponges, shelled 
molluscs, spicule-bearing opisthobranchs, opisthobranch spawn, echinoderms) cause 
rapid retraction of the oral veil immediately after contact. The foot then changes direction 
to avoid crawling over the organism. This rejection behaviour can occur with or without 
oral veil cupping. On occasions when it is extremely hungry, P. maculata will attack 
organisms with hard exoskeletons (e.g. gastropods, bivalves, crustaceans) but it leaves 
them after a feeding lunge. 

Time for complete ingestion of large prey varies considerably, most continuous feeding 
bouts last between one and two hours. The mean time for Pleurobranchaea maculata 
to finish feeding on a single Anthopleura aureoradiata (about 10 mm basal diameter) 
was 74.18 min (standard deviation = 3.71 min, n “ 11) (data averaged for three P. maculata 
with crawling lengths between 40 and 50 mm). In these trials, the P. maculata completely 
ingested the actinian upon which it was feeding in only six out of eleven trials; on 
the other occasions the animal crawled away before it had completely consumed the 
actinian. No correlation between time starved and feeding time was evident (r = 0.026). 

Pleurobranchella 

Members of this small genus apparently possess the same carnivorous habits as 
Pleurobranchaea (Willan, 1977). Eales (1937) found 14 juvenile Pleurobranchaea capensis 
in the stomach of one Pleurobranchella gilchristi. All known species of Pleurobranchella 
have been taken in deep water (2200,) so that the possibilities of direct feeding 
observations on any of them are remote. 

Euselenops 

| can find no references to feeding by Euselenops luniceps, the only species in the 
genus. It would be expected to be a voracious carnivore like Pleurobranchaea species 
because of the enlargement of the oral veil and because of its high level of activity 
(Pace, 1901). 

SUMMARY 

All the Umbraculacea have diets confined to sponges, with that of the genera Tylodina 
and Tylodinella apparently being narrowly restricted to a single demonspongiid order 
(Verongida) and family (Aplysinellidae). That of Umbraculum is wider and consists of 
demospongiids belonging to at least two orders and three families. The same broad 
sponge diet is possessed by Berthella species, and there are no authenticated reports 
of members of this genus eating anything other than demospongiid sponges. 

Bethellina species eat sponges but appear even more catholic in their choice. Not 
only do they take demonspongiids, but calcareous sponges (class Calcarea) are also 
occasionally eaten as well. Berthellina species extend their diet beyond sponges to 
take cnidarians. In Hawaii, B. citrina has regularly been observed eating corals in the 
field. Since the corals presently known to be eaten by B. citrina belong to three 
scleractinian families, it is possible that in tropical waters Berthellina species eat a range 
of hermatypic corals as they do with sponges in temperate waters. Some (admittedly 
incomplete) tantalising evidence suggests Berthellina species may take ascidians or even 
meat. 

Pleurobranchus species have only been found to eat ascidians. They accept both 
solitary and compound forms and are apparently not confined to one particular group 
of ascidians. 

Pleurobranchaea species represent (in both their anatomy and feeding ecology) the 
culmination of the pleurobranch radiation. They are opportunistic carnivores with a 
low feeding specificity. They will attack and eat almost any live, soft-bodied invertebrate 
they encounter, although it appears they favour cnidarians. Hirsch (1915) suggested 
that some species are scavengers but subsequent literature has not supported his 
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contention. Despite Starmühlner's (1968) report, Pleurobranchaea species will not accept 
sponges or ascidians. Maybe these foods have been bypassed because they do not 
supply sufficient energy to maintain the fast, active life typical of Pleurobranchaea 
species? 

In overview, it is evident that the Notaspidea displays an adaptive radiation of feeding 
habits. Primitive genera are restricted to sponges. Intermediate genera retain this diet 
but are capable of augmenting it with other foods. The most advanced genera accept 
a wide range of foods — virtually any soft-bodied invertebrate not protected by a 
shell or exoskeleton. Clark and Busacca (1978) have shown the same kind of radiation 
in another order of opisthobranchs, the Sacoglossa. All the species there are herbivorous, 
except for a very few of the most advanced ones which are oophagous (Chia & Skeel, 
1973; Lemche, 1974). 
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ABSTRACT 
The diets of fifty-two commercially exploited species of fish, mostly collected 
off the coast of Victoria, were investigated through examination of stomach 
contents. Molluscs were found in the diets of twenty-six species but only provided 
a major proportion (>30% by number, weight or volume) of the diets of eight 
species. Cephalopods, gastropods and bivalves were found in the diets of twenty- 
one, six and five species respectively. Arrow squid, Nototodarus gouldi, was the 
most widely identified of the species consumed, being found in the diets of eight 
species and being taken from the stomachs of fish collected over the whole 
geographical range of the survey. However, for those fish found to be major 
consumers of molluscs it was octopus, rather than squid, which provided the 
major molluscan component of the diet. 

INTRODUCTION 
In 1942 Cotton published a list of cephalopods taken from the stomachs of fish caught 
in south-east Australia. Since Cotton’s paper there has, until recently, been little particular 
interest in the occurrence of cephalopods, or of molluscs in general, in fish diets. 
Reports on the diets of commercial fish species found in southern Australia have 
appeared, but the occurrence of molluscs in the diet has received only passing mention 
(Fairbridge, 1951; Olsen, 1954; Thomson, 1954, 1959; Serventy, 1956; Winstanley, 1978). 

However, within the last three to four years the possibility of establishing a fishery 
for the arrow squid, Nototodarus gouldi, off the coast of Victoria has been investigated 
(Machida, 1980). Concurrent with these investigations has been an interest in 
understanding the importance of squid in the diets of commercial fish species. A general 
survey of the diets of commercial fish has been undertaken (Coleman, 1982). The present 
paper reports on the occurrence of molluscs in the diets of the species studied and 
makes a preliminary estimate of the importance of arrow squid. The majority of fishes 
examined were caught off the coast of Victoria, but the tuna examined were from 
New South Wales and South Australia. 
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Figure 1. Sampling localities along the coast of Victoria. 

MATERIALS AND METHODS 

Diets were investigated through examination of stomach contents. Fish or fish stomachs 

were obtained and preserved in neutral formalin by travelling on commercial fishing 

vessels from Lakes Entrance, San Remo and Portland (Fig. 1) and subsampling the catch. 
Fish were obtained from co-operatives at Lakes Entrance and Port Albert, and from 
the Melbourne fish market. Shark fishermen from Port Albert, San Remo and Apollo 
Bay were given preservative, plastic bags and marking pens and asked to bring back 
individually bagged, preserved and labelled stomachs. Tuna stomachs were obtained 
from SAFCOL in Melbourne and were from fish landed in New South Wales (port 
unknown) and Port Lincoln in South Australia. 

In the laboratory each stomach was cut open. The contents were sorted into individual 
food items and identified to the lowest possible taxonomic level. As far as possible 
the number, weight and volume of each food item was determined. In some cases, 

because of the nature of the stomach contents or their poor state of preservation, 

measurements were not possible. 

Gastropods and bivalves were considered as part of the diet if the shells had flesh 
attached, if the shells were of relatively fresh appearance and were largely free of 
encrusting material, or if (for bivalves) the valves were still hinged together. Shell 
fragments could occasionally be separated into species. In some cases fragments could 
be used to estimate the number of individuals represented; otherwise, for the purpose 

of data analysis, the presence of fragments was counted as one individual. 

Items were lightly blotted, to remove excess preservative, before being weighed. Volume 
measurements were made either by measuring the displacement of water in a measuring 
cylinder or by spreading the material to an even depth over a grid and counting the 
squares covered. The second method was used where food consisted of many small 
items or of amorphous or detrital material. Only one method of determining volume 
was used for the contents of any one stomach. 

Analysis of the composition of the diet was carried out on the stomach contents of 
each species in each sample and also on the stomach contents of each species summed 
over all samples. The numbers of stomachs with and without food were determined. 



Molluscs in fish diets 145 

The frequency with which a food item occurred was determined by expressing the 
number of stomachs containing that item as a percentage of all stomachs containing 
food. The proportion (by number, weight and volume) of each food item in each 
stomach was determined and the means and standard deviations of the proportions 
were calculateld. 

RESULTS 

The diets of fifty-two species of fish were investigated (Complete list in Appendix). 
In all, 2042 stomachs, of which 1270 (62.2%) contained food, were examined. There 
were large variations between species in the number of stomachs examined (Appendix; 
Table 1). These variations reflect commercial availability. Species such as gummy and 
school sharks, which form a major part of the commercial catch, were well represented 
in the survey whereas species such as whiskery shark, which occur as an incidental 
catch, were obtained only in small numbers. 

Analysis of diets by number, weight and volume gave similar results, and results averaged 
over all samples gave essentially the same picture of the relative importance of different 
food items as did the results from individual samples. Unless otherwise stated, therefore, 
the following description is given in terms of volume composition averaged over all 
samples. 

Molluscs were found in the diets of twenty-six species (Tables 1-4). Cephalopods (Tables 
1-3) were the most widely occurring molluscs being found in the stomachs of twenty- 
one species. Gastropods and bivalves (Table 4) were taken from the stomachs of six 
and five species respectively. 

Cephalopods formed the major portion of the diets of seven species, gummy shark, 
whiskery shark, school shark, endeavour dogfish, piked dogfish, toothy flathead and 
yellow-tail kingfish, providing, in these species, at least a third of the stomach contents 
and occurring in at least half of the stomachs examined. 

Cephalopods were of moderate occurrence, 11-21% by number, weight and volume, 
in toothed whiptail and John dory. In deepwater flathead cephalopods were only 8.3% 
of the diet by volume but were 15.4% by number and weight. By frequency of occurrence 
cephalopods may be considered as of moderate occurrence, 11-28%, in the diets of 
six species, elephant shark, toothed whiptail, John dory, deepwater flathead, albacore 
and yellowfin tuna. 

By number, weight and volume, and by frequency of occurrence, cephalopods were 
only of minor occurrence (<10%) in the diets of saw shark, nannygai, gemfish, rock 
flathead, latchet, butterfly gurnard, jackass morwong and southern bluefin tuna. 

Arrow squid, Nototodarus gouldi, was the most widely identified species of cephalopod. 
It was identified from the stomachs of eight species (Table 2) and was taken from 
fish throughout the whole geographical range of the survey. 

Although N. gouldi, was of relatively widespread occurrence, it did not constitute a 
major part of the diet in any species. In gummy and school sharks, for which large 
samples were obtained, N. gouldi contributed an overall average of 4-6% of the diet. 
However, within individual samples higher values, up to 12% for gummy shark, and 
up to 26% for school shark, were obtained. Similarly, although the overall frequencies 
of occurrence of N. gouldi were 14% and 21% for gummy and school sharks respectively, 
within individual samples up to 63% of gummy shark and up to 67% of school shark 
were found to have eaten arrow squid. 

By comparison with that of N. gouldi, the occurrence of other species of squid and 
cuttlefish was restricted. Most contributed less than 5% of the diet and most occurred 
only in one or two species from one or two samples. Pyroteuthis was found only in 
gemfish from Portland; Cheiroteuthis and squid of the family Enoploteuthidae were 
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found only in yellowfin tuna from Port Lincoln; dumpling squid, Sepiolidae, were found 

in butterfly gurnard from Lakes Entrance; and Euprymna tasmanica was found in rock 

flathead from Port Albert. Sepia was exceptional in that either Sepia rex or remains 

identifiable only as Sepia were found in the stomachs of fish landed at all Victoria 

ports visited except Portland. Unidentifiable squid was found in the diets of several 

species. Except in the case of toothy flathead, unidentifiable squid provided a relatively 

minor part of the diet. 

Octopus were found in the diets of ten species although specifically identifiable remains 

were only taken from gummy shark, whiskery shark and school shark (Table 3). Octopus 

australis and O. pallidus were taken from sharks landed at Port Albert, San Remo and 

Apollo Bay; O. flindersi was taken from shark landed at San Remo and Apollo Bay; 

O. dofleini and O. superciliosus were taken from shark landed at Port Albert; and 

O. macropus was taken from shark landed at San Remo. Only unidentifiable octopus 

remains were taken from albacore landed in New South Wales; Yellowtail kingfish 

landed in Lakes Entrance and toothed whiptail, toothy flathead, latchet and jackass 

morwong landed at Portland. 

Octopus formed 50-70% of the stomach contents of school shark, whiskery shark and 

yellowtail kingfish, and almost 30% of the stomach contents of gummy shark. The 

frequency of occurrence of octopus in the stomachs of these species was also relatively 

high. Octopus australis was the major identifiable octopus in the diet of whiskery shark, 

and O. pallidus was the major identifiable octopus in the diets of gummy and school 

sharks. 

Gastropods and bivalves were found in the diets of nine species and, with two exceptions, 
the frequency of occurrence and proportion in the diet were low (Table 4). In many 
cases shells had been crushed and it was not possible to establish the identity of all 
fragments. The list in Table 4 therefore probably under-estimates the actual number 
of species present in the stomachs examined. 

Bivalves provided a particularly high proportion of the diet of elephant shark. Although 
only a small number of stomachs was examined, the contents of each were similar 
and included a large variety of shell fragments. 

Bivalves were also of particular importance in the stomachs of snapper although in 
this case the very small sample size may have given a false impression of their importance. 
Only one stomach contained bivalve fragments, but as they constituted the bulk of 
the stomach contents, and as only three stomachs with food were examined, average 
values for frequency of occurrence and proportion in the diet remained high. 

DISCUSSION 
The present study has shown the consumption of molluscs to be of wide occurrence 
amongst commercial fish species off the coast of Victoria. The twenty-six species found 
to eat molluscs represent perhaps 30-50% of commercial species and certainly include 
some of major importance. 

Only about twenty species of molluscs could be identified to genus or below. The. 
large number of unidentifiable she!l fragments suggests the actual number consumed 
to be greater than this. But even allowing for a two or threefold increase in the number 
actually identified, the number of species found would still be small by comparison 
with the number of mollusc species recorded from Victoria (Macpherson and Gabriel, 
1962). However, while only a small number of mollusc species may be consumed, some 
make a very significant contibution to fish diets. 

Cephalopods appear to be the most important molluscs in terms of their contribution 
to fish diets. They were found in the diets of more species than were gastropods and 
bivalves and were a major item in the diets of seven species. From the identifications 
that were possible, these major consumers of cephalopods seem to be exploiting octopus 
rather than squid. 
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Nototodarus gouldi was identified from the diets of eight fish species although its 
occurrence is probably wider than this: the stomachs of some fish species examined 
contained only unidentifiable cephalopod remains; and local fishermen report that 
yellowtail kingfish eat arrow squid. Although N. gouldi was of relatively widespread 
occurrence it was not found to be a major dietary item for any species. In particular, 
in the major commercial species gummy and school sharks N. gouldi provided an overall 
average of only 4-6% of the diets; even if all unidentified squid in the diet were considered 
to be N. gouldi, the percentage of arrow squid in the diet would still, overall, remain 
relatively low. However, within individual samples of these shark species, high values 
for the proportion and for the frequency of occurrence of squid in the diet were 
found. These high values may indicate the opportunistic feeding of gummy and school 
sharks when squid are particularly abundant. Serventy (1956) found similar evidence 
for the opportunistic feeding of southern bluefin tuna on N. gouldi. 

Factors which have a significant bearing on the importance of dietary items, but which 
were not directly investigated, are the rates at which they are consumed and digested 
and their calorific content. Soft-bodied animals may be rapidly digested and so their 
importance in the diet, when determined solely in terms of number weight or volume, 
may be underestimated (Pillay, 1953). However, in the present study the fact that large 
amounts of octopus were consistently found in the diets of some species suggests that 
the generally low occurrence of squid in the diet is not just an artefact arising from 
their soft-bodied nature but does reflect actual consumption rates. 

Croxall and Prince (1982) report that squid, because they have little fat, have a relatively 
low calorific content. In terms of importance in the diet, deficiences in the calorific 
content of an item may be compensated for by factors such as availability or the absence 
of skeletal material (Paine and Vadas, 1969; Carefoot, 1973). The present study found 
no evidence to show that such factors are operating to make arrow squid of general 
importance to any of the fish species studied. There was, however, slight evidence, 
as noted above, to show that on occasion squid may be particularly readily taken as 
prey. 

Compared wtih cephalopods, gastropods and bivalves were of limited occurrence in 
fish diets although bivalves appear to be of particular importance to elephant shark 
and snapper. Some doubt attaches to the dietary analyses for snapper because only 
a small number of stomachs (with food) was examined and the contents of the stomachs 
differed markedly. The diet of snapper has been most intensively studied in New Zealand 
(Godfriaux, 1974) and this work showed crustaceans to be most important although 
the diet was found to be extremely varied and to include several species of molluscs. 

The primary aim of the present work was to gain some understanding of the importance 
of arrow squid, Nototodarus gouldi, in the diets of commercial fish species off the 
coast of Victoria. The evidence provided by the study is that none of the species 
investigated is dependant on squid as a food source. Although molluscs are consumed 
by a wide range of fish species, relatively few were found to have molluscs as a major 
item in the diet. Whereas fish and crustaceans were found to be the major items in 
the diets of twenty-five and fourteen species respectively (Coleman, 1982), only eight 
species had molluscs as a major food item; and in no case was N. gouldi a major 
item. In contrast, octopus were found to contribute significantly to the diets of gummy 
and school sharks, two major species of the commercial marine fishery in Victoria. 
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The number in brackets after each name shows the number of stomachs 
containing food which were examined. Species marked with an asterisk are those 
found to include molluscs in the diet. 

Spotted catshark (1) 
Asymbolus analis 
(Ogilby) 

Gummy shark (113)* 
Mustellus antarcticus 
Guenther 

Whiskery shark (5)* 
Furgaleus ventralis 
(Whitley) 

School shark (109)* 
Galeorhinus australis 
(Macleay) 

Endeavour dogfish (1)* 
Centrophorus scalpratus 
McCulloch 

Piked dogfish (4)* 
Squalus megalops 
(Macleay) 

Saw shark (28)* 
Pristiphorus sp. 

Elephant shark (6)* 
Callorhyuchus milii 
Bory de.St. Vincent 

Cucumber fish (1) 
Chlorophthalmus nigripinnis 

Garfish (11) 
Hyporhamphus melanochir 
(Valenciennes) 

Tooth whiptail (7)* 
Lepidorhynchus denticulatus 
Richardson 

Blue Grenadier (17) 
Macruronus noveazelandiae 
Waite 

Bearded cod (11) 
Lotella callarias 
Guenther 

Ribaldo (11) 
Mora moro 

Risso 

John dory (9)* 
Zeus faber L. 

Mirror dory (4) 
Zenopsis nebulosus 
(Temminch and Schlegel) 

Silver dory (53) 
Cyttus australis 
(Richardson) 

Nannygai (98)* 
Centroberyx affinis 
(Guenther) 

Sandpaper fish (5) 
Paratrachichthys trailli 
(Hutton) 

Sea mullet (9) 
Mugil cephalus L. 

Barracouta (1) 
Thyrsites atun 
(Euphrasen) 

Gemfish (64)* 
Rexea solandri 
(Cuvier and Valenciennes) 

Warehou (1) 
Seriolella brama 
(Guenther) 

Deep sea trevalla (1) 
Hyperoglyphe antarctica 
(Carmichael) 

Toothy flathead (5)* 
Neoplatycephalus speculator 
Klunzinger 

Sand flathead (43)* 
Platycephalus bassensis 
Cuvier and Valenciennes 

Rock flathead (12)* 
Platycephalus laevigatus 
Cuvier and Valenciennes 

Deep water flathead (13)* 
Platycephalus conatus 
Waite and McCulloch 
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Tiger flathead (70) 
Neoplatycephalus richardsoni 
Whitley 

Yank flathead (3) 
Platycephalus caerulopunctatus 
McCulloch 

Latchet (25) 
Pterygotrigla polyommata 
(Richardson) 

Red gurnard (4)* 
Chelidonichthys kumu 
(Lesson and Garnot) 

Butterfly gurnard (43)* 
Paratrigla vanessa 
(Richardson) 

Red ocean perch (43) 
Heliocolenus papillosus 
(Bloch and Schneider) 

Gurnard perch (1) 
Neosebastes pandus 
(Richardson) 

Ling 
Genypterus blacodes 
(Richardson) 

Horse mackerel (26) 
Trachurus declivis 
(Jenyns) 

Yellowtail scad (29)* 
Trachurus mccullochi 
Nichols 

Trevelly (17) 
Usacaranx georgianus 
(Curvier and Valenciennes) 

Yellowtail kingfish (2)* 
Seriola grandis 
Castelnau 

Red mullet (12) 
Upeneichthys porosus 
(Cuvier and Valenciennes) 

Long-finned pike (12) 
Dinolestes lewini 
(Griffith) 

King George whiting (9) 
Sillaginodes punctatus 
(Cuvier and Valenciennes) 

School whiting (46) 
Sillago bassensis 
(Cuvier and Valenciennes) 

Snapper (3) 
Chrysophrys auratus 
(Schneider) 

Jackass morwong (98)* 
Nemadactytus macropterus 
(Bloch and Schneider) 

Long-snouted boarfish (1) 
Pentaceropsis recurvirostris 

Barred grubfish (3) 
Parapercis allporti 
(Guenther) 

Albacore (21)* 
Thunnus alalunga 
(Bonnaterre) 

Southern bluefin tuna (38)* 
Thunnus maccoyii 
(Castelnau) 

Yellow-fin tuna (33)* 
Thunnus albacares 
(Bonnaterre) 

Velvet leatherjacket (10) 
Meuschenia australis 
(Donovan) 
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Small land snails from Northern Australia, III: 
Species of Helicodiscidae and Charopidae 

Alan Solem 

Field Museum of Natural History, 
Roosevelt Road at Lake Shore Drive, 

Chicago, Illinois 60605-2496, U.S.A. 

ABSTRACT 

Two taxa of Indonesian origin and main distribution, the helicodiscid snail 
Stenopylis coarctata (Moellendorff, 1894) and the charopid Discocharopa aperta 
(Moellendorff, 1888), extend across northern Australia. They appear generally 
dispersed, reaching southern limits in the Napier Range and near Halls Creek, 
Western Australia; somewhat south of Alice Springs, Northern Territory; and then 
south to near Mackay, Queensland or into the north-eastern corner of New South 

Wales, respectively. Both species have been described several times. A second 
charopid, Pilsbrycharopa tumidus (Odhner, 1917), also is of New Guinea- 
Indonesian affinities. It has been recorded from a single collection on an island 
in the Fitzroy River on Noonkanbah Station, Western Australia. A third charopid, 
Dupucharopa millestriata (Smith, 1874) has been recorded once from Depuch 
Island, east of Roebourne, Western Australia. It has not been dissected, but shell 
features suggest that it also is of northern affinities. None of these appear to 
be closely related to any of the southern Australian charopid radiations. 

INTRODUCTION 

This is the third of a series of reports on small land snails from Northern Australia, 
based mainly upon materials collected during field surveys of camaenid land snails 
(Solem, 1979, 1981a 1981b, 1984). Previous reports in this series have reviewed 
Gyliotrachela Tomlin, 1930 (Solem, 1981c) and Westracystis Iredale, 1939 (Solem, 1982). 
This paper summarizes information about the single member of the Helicodiscidae 
found in Australia, the Indonesian to Solomon Islands Stenopylis coarctata (Moellendorff, 
1894), and three charopid land snails of northern distribution and affinity. New 
illustrations and descriptions are given of all taxa. 

Scanning electron microscope (hereafter SEM) photographs of shell, jaw, and radula 
provide evidence of unique structures permitting assignment of three species as being 
of northern affinities. Evidence concerning Dupucharopa, which has not been dissected, 
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is less compelling, but it also seems to be a relict from the north, rather than related 
to the major charopid radiations in southern Australia. The first anatomical data on 
Stenopylis (Figs 1-4) confirms its classification in the Helicodiscidae. Discocharopa has 
been reviewed elsewhere (Solem, 1983), and only abstracted coverage is presented 
below. 
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SYSTEMATIC REVIEW 
Family Helicodiscidae 

Diagnosis: Shell under 5 mm in size, with few, flatly coiled whorls that do not increase 
rapidly in size. Umbilicus widely open, shallow. Sculpture of spiral ridges, often 
deciduous, reduced in some taxa. Aperture normally with barriers or nodules, sometimes 
deflected and/or thickened when adult. Pallial region with kidney reaching hindgut, 
rectal extension slight, ureter opening next to hindgut at posterior of pallial cavity. 
Ovotestis a single lobe, talon very elongated and without expanded head. Prostate 
and uterus apparently united into a spermoviduct. Epiphallus variable, with a separate 
retractor muscle, except in Stenopylis. Penial retractor muscle arising from diaphragm. 
Penis with or without verge and pilasters, with or without a lateral caecum. Radula 
with tricuspid central, reduced to very reduced in size, three to five tricuspid laterals, 
and several marginals that become shortened, broadened, and sometimes lose their 

cusps on the outer marginals. 

The above diagnosis is altered from that presented by Solem (1975) on the basis 
of structures reported on for Stenopylis in this report. The Family Helicodiscidae still 
is considered to contain only the following genera: - Helicodiscus Morse, 1864 (including 
the subgenus Hebetodiscus H. B. Baker, 1929 and section Pseudiscus Morrison, 1942) 
and Polygyriscus Pilsbry, 1948 from North America, and Stenopylis from Indonesia, 
Philippines, New Guinea, Solomon Islands, and northern Australia. This disjunct 
distribution probably is an ancient one. The occurrence of relatives in southern and 
western China would not be surprising, but until that region has been better explored 
malacologically, the absence of such finds can be attributed either to lack of collecting 
effort or actual absence with equal probability. 

The family name Helicodiscidae Pilsbry, 1927 was published in Baker (1927: 226, 230), 
and thus antedates the family name Stenopylidae Iredale (1937a: 26). 
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Genus Stenopylis Fulton, 1914 

Stenopylis Fulton, 1914, Ann. Mag. Nat. Hist., (8) 74: 163-164; Iredale, 1937, South 
Australian Nat., 18 (1-2): 26-27, pl. 1, fig. 20; Iredale, 1937, Australian Zool., 9 (1): 1; 
Solem, 1957, Fieldiana: Zoology, 42 (1): 8-11. 

Coarctatio Haas, 1945, Fieldiana: Zoology, 31 (2): 10-13, figs 1a-e, type species 
Plectopylis coarctata Moellendorff, 1894. 

Diagnosis: A genus of Helicodiscidae with small parietal and palatal wall barriers 
when subadult, parietal barriers retained as ridges and blobs in adults. Shell shape 
and growth pattern typical, with wide umbilicus, low spire, and few whorls that barely 
increase in width. Spiral sculpture typical (Fig. 8). Lip grossly expanded, rolled, thickened, 
parietal section free of wall and extends outwards at a near right angle to provide 
a large shield to the aperture. Genitalia (Figs 1-3) with short ovotestis (G), no epiphallic 
retractor muscle, large penis caecum or epiphallus (E), uterus (UT) capable of enormous 
expansion by single embryo (Fig. 1). Radula (Figs 11-15, 17-21) with relatively large 
central tooth, few typical laterals, and outer marginals unusual in that all cusps are 
lost (Figs 11, 19, 20). 

Type species. — Planispira hemiclausa Tate, 1896. 

Comparative remarks and biology 

Helicodiscus Morse, 1864 differs in its larger size, simple lip, very long ovotestis, 
and retention of cusps on the lateral teeth of the radula (Pilsbry, 1948: 624, figs 338A- 
D, 626, figs 339a-b). Polygyriscus Pilsbry, 1948 has a strongly deflected lip (Solem, 1975: 
82, figs 2a-c) that is only slightly expanded, long periostracal extensions, very long 
ovotestis (Solem, 1975: 81, fig. 1a), the central tooth of the radula is very small and 
the marginal teeth retain prominent cusps (Solem, 1975: 83, figs 4, 6-8). 

The combination of minute size, spiral ridges on the shell (Fig. 8), continuous lip 
with large barrier (Figs 6-7), widely open umbilicus (Fig. 7), and near absence of whorl 
width increment (Fig. 5), immediately separate Stenopylis coarctata (Moellendorff, 1894) 
from any other Indonesian or Australian taxa. The only species apt to be confused 
with it is the charopid Discocharopa aperta (Moellendorff, 1888), which is similar in 
size and umbilical width, but has radial shell sculpture (Figs 22-27), lacks both a raised 
parietal lip (Figs 23-24) and lip edge barriers (Fig. 24), and shows normal charopid whorl 
width increment (Fig. 22). Both genera are microsympatric throughout much of their 
ranges, normally with Stenopylis being much more common in collections. This 
phenomenon may be the result of sampling bias in favour of the larger Stenopylis, 
longer persistence of its shell after death (98% of known examples were collected dead), 
its occupying a shelter site more often sampled by collectors, or an actual lower level 
of abundance. Only additional field work can solve this problem. 

All live collected material was in aestivation, and no specimens expanded fully during 
the preservation process. Probably a combination of the constricted aperture and narrow 
whorl profile delayed fixation of the snails. Many difficulties were encountered in 
attempting to dissect and interpret the anatomy. On two occasions, Elizabeth A. Liebman 
and I went into “training” by dissecting and illustrating progressively smaller and smaller 
punctids and charopids, working down in size to Discocharopa and Stenopylis. We 
were relatively successful with the former (Solem, 1983: 75, fig. 34), but in part frustrated 
by Stenopylis (Figs. 1-4). 

A major difficulty involved interpreting the pallial genitalia. The largest specimens 
from Sta. WA-218 (near Kalumburu Mission, Western Australia, FMNH 200538, 28 October 

1976) each contained one enormous embryo (Fig. 1), which looked, in gross dissection, 
as being barely capable of exiting past the apertural barriers. All organs in this section 
of the snail were flattened and pushed out of position, so that we were unable to 
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interpret structures in this region. Other specimens from the same set were very deeply 
retracted and the animal noticably smaller in size. A live specimen collected 29 August 
1975 from the Napier Range (Sta. NR 5, WAM 806.76) showed no evidence of such 
embryos. Unfortunately, this specimen had been preserved in formalin, which makes 
dissection and study very difficult. Parts of the genitalia crystallize and become destroyed 
over a short period of time. Some additional features could be interpreted from this 
specimen (Fig. 3), but many features of the genitalia remain unknown. Subsequently, 
Fred and Jan Aslin collected a good set of live examples from Eurobra Gorge, north- 
east of Alice Springs, Northern Territory (FMNH 198861, 17 June 1978), a few of which 
partly expanded during preservation. Many adults in this sample also contained massive 
embryos, visible through the shell as occupying up to three-eighths of the body whorl. 
Slight expansion of the foot outside the shell during preservation shows that the “parent” 
was alive and well, despite its elephantine burden. 

The presence of a single huge embryo in dry season examples has several implications. 
First, Stenopylis must live more than one year. Production of single young per adult 
is not a viable reproductive strategy, and dry season development of the embryo is 
indicated by these collections. The normal start of the wet season at Kalumburu is 
about November to early December, the same as at Napier Downs, and a month later 
than at the Mitchell Plateau. Embryo absence in August, and presence in late October 
suggest late dry season development. Since the Alice Springs area may have May to 
July rains in some years, embryo presence in June is not surprising. 

Analysis of the Eurobra Gorge set also permits presenting some hypotheses as to 
the life cycle of Stenopylis. A total of 48 specimens were included. They can be grouped 
as follows: - 

Juveniles, 0.9-1.05 mm in diameter, 6 
without internal shell barriers 

developed 
Subadults, 1.13-1.38 mm in diameter, 10 

with internal shell barriers, but 
no lip expansion or lip barrier 

Adults, 1.5-1.81 mm in diameter, lip 32 
fully expanded 

No embryos, spiral sculpture 8 
unworn 

Spiral sculpture worn, body 7 
large, no clear trace 

of embryos 
Large embryos present, spiral 9 

sculpture worn 
Large embryos present, spiral 8 

sculpture unworn 

This suggests that there are two age classes of juveniles. The structure of the barriers 
in subadults is discussed below, but the two groups are easily separable visually. The 
range of measurements is misleading, since one large juvenile and one small subadult 
obscured clumped differences. 

The adults can be divided on the basis of shell wear, and the presence or absence 
of embryos. 1 would interpret the lack of shell wear as indicating “became adult in 
last wet season” or “were very lucky in avoiding wear" during their last wet season. 
Species of the camaenid land snail genus Semotrachia Iredale, 1937 from near Alice 
Springs can routinely be separated into third wet season adult (male organs fully formed, 
female organs still undeveloped) and fourth or more wet season adults on the basis 
of periostracal shell sculpture wear (Solem, unpublished). Thus it is reasonable to 
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hypothesize that the worn adults of Stenopylis have been adult through at least one 
wet season. The worn adults without embryos could be either post-reproductive (- 
senile), or have recently given birth. Field notes by the Aslins’ mention no rainfall 
in early June, but a March or April fall might have enabled successful reproduction. 
The presence of embryos in both worn and unworn adults also suggests more than 
one reproductive event for an adult. 

The unworn adults without trace of embryos probably had reached maturity at the 
end of the previous wet season and would be reproductively active during the next 
period of rains. 

While the above speculations are based upon analogy with the camaenid land snail 
reproductive cycle in the same regions, the presence of four distinct age classes among 
live individuals is strong evidence for a multi-wet season life cycle in Stenopylis. It 
is quite possible that in the Indonesia to Solomon Islands section of its range, where 
there is less marked periodicity of rainfall, that the life cycle would be altered. Certainly 
the above data on embryo size class variation indicate that this species is worthy of 
life history studies. 

Study of diet would be equally interesting. The small size of Stenopylis and finding 
of live specimens mainly on the underside of damp rocks with abundant micro-flora 
suggests grazing on micro-flora, but the peculiar loss of cusps on the majority of the 
marginal teeth (Fig. 11) is not duplicated in any other land snail known to me. 

Stenopylis coarctata (Moellendorff, 1894) 

figs 1-8, 11-21 

Plectopylis coarctata Moellendorff, 1894, Nachr.-Bl. deut. Malak. Gesell., 26 (7-8): 113 
— Panglao, near Bohol, Philippine Islands (August); austino, 1930, Philippine Jour. 
Sci., 42 (1): 116. 

Planispira hemiclausa Tate, 1894, Trans. Roy. Soc. S. Australia, 18: 192 — central Australia 
(November). 

Brazieria coarctata (Moellendorff), Moellendorff, 1895, Nachr.-Bl.deut. Malak. Gesell., 
27 (9-10): 159; Moellendorff, 1898, Abhl. Naturf. Ges. Goerlitz, 22: 123. 

Brazieria coarctata var. majuscula Quadras in Moellendorff, 1895, Nachr.-Bl. deut. Malak. 
Gesell., 27 (9-10): 159 — Masbate, Philippine Islands. 

Microphyura hemiclausa (Tate), Tate, 1896, Rep. Horn Exped. central Australia, Part 
1, Zoology, pp. 185-186, plt. 17, figs 1a-b, pp. 221-2, fig. C — Ilpilla Gorge, Spencer 
Gorge, Finke Gorge, Redbank Gorge, Palm Creek, Alice Springs, central Australia; 
Victoria River, Northern Territory; Bowen and Cardwell, Queensland. 

Helix (Polygyra) microdscus Bavay, 1908, Nova Guinea, Zool., 5: 283, plt. 14, figs 10, 
a-d — Humboldt Bay, New Guinea. 

Stenopylis coarctata (Moellendorff) Fulton, 1914, Ann. Mag. Nat. Hist., (8) 14:: 163- 
164 (lists microdiscus and hemiclausa as distinct species); B. Rensch, 1932, Zool. 
Jahrb., Syst., 63 (1): 103 — Sumba, Indonesia; B. Rensch, 1935, Sitz.-Ber. Gesell. 
Naturf. Freunde, Berlin, 1935: 322 — Timor, Indonesia; van Benthem Jutting, 1941, 
Arch. Neerland. Zool., 4: 300-301, figs 2-3 — satellite islands of Java, Indonesia; 
van Benthem Jutting, 1952, Treubia, 27 (2): 405-406, figs 68a-c; Solem, 1957, 
Fieldiana: Zoology, 42 (1): 8-11, figs 4a-e; Solem, 1958, Arch. Mollusk., 87 (1/ 
3): 21; Solem, 1960, Jour. Malac. Soc. Australia, 4: 43 — Florida Id., Solomon 
Islands; van Benthem Jutting, 1964, Nova Guinea, Zool., 26: 10-11; Wilson and 
Smith, 1975, Western Australian Wildlife Research Bull., 3: 99; Merrifield, Slack- 
Smith, and Wilson, 1977, Western Australia Wildlife Research Bull., 6: 115. 
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Stenopylis hemiclausa (Tate), Fulton, 1915, Proc. Malac. Soc. London, 11: 236; Iredale, 

1937, S. Australian Nat., 18: 26-27, plt. 1, fig. 20; Iredale, 1937, Australian Zool., 

9::(1):72: 

Microphyura microdiscus (Bavay), Odhner, 1917, Kungl. svensk. Vetens. Handl., 52 (16): 

99-100 — Chillagoe Caves, Queensland (on p. 114 synonymizes microdiscus and 

hemiclausa on authority of Charles Hedley). 

Coarctatio coarctata Haas, 1945, Fieldiana: Zoology, 31 (2): 10-13, figs 1, a-e. 

Microphyura nightingali Saurin, 1960, Jour. de Conchyl., 100 (1): 7-9, figs 3A-D — Bach 

Long Vi (= Nightingale) Island, Gulf of Tonkin, Vietnam. 

Diagnosis: A minute species, adult diameter 1.4-1.8 mm, with nearly flat spire, whorls 

normally 3 1/2, at most slightly increasing in width, apex smooth (Fig. 5), rest of shell 

(Fig 6-8) with microscopic spiral cords, only radial elements representing growth pauses 

(Figs 7-8) at sporadic intervals. Lip strongly thickened and expanded, parietal section 

free of wall and projecting at right angles to form a shield-like extension across aperture 

(Fig. 6). The spiral sculpture, equal width whorls, and expansion of the parietal lip 

immediately identify this species. The often sympatric Discocharopa aperta 

(Moellendorff, 1888) (Figs 22-27) differs in having prominent radial sculpture and the 

whorls increase regularly in width, although agreeing in size and shape. 

Material Studied: The following records of Australian material are organized 

geographically, roughly south to north, then west to east. Extralimital materials 

summarized by Solem (1957) are not relisted. Locality data covered by Wilson and 

Smith (1975), Merrifield, Slack-Smith and Wilson (1977), and Solem (1979, 1981a, 1981b, 

1981c, 1982, 1983, 1984) have been abbreviated here to save space and minimize 

repetition. 

WESTERN AUSTRALIA Port Hedland: limestone on north side of airport (22 dead 

specimens, WAM 4674.68, collected by Ted Atkins July 1965). 

Napier Range, August 1975 (Sta. NR I-XXIV), May 1976 (NRII — 1-31), November 

1976 (NRIII — 1-2), sequence north-west to south-east: 2 km from Red Bull Mill (8 

dead specimens, WAM 374.81); north-west end of Napier Range — Sta. NR VII, NRII 

— 6 (2 dead specimens, WAM 379.81, WAM 947.76); near Barnet's Cave — Sta. NR 

IX (ca 61 dead specimens, WAM 804.75, WAM 805.75); north-west of Stumpy's Well 

— Sta. NR V, NR VI, NR IX (1 live, ca 16 dead specimens, WAM 806.76, WAM 808.75, 

WAM 811.76); 6.5 km north-west of Barker River Gorge — Sta. NRIII — 2 (13 dead 

specimens, WAM 377.81); near Kongorow Pool, Barker River (ca 70 dead specimens, 

WAM 365.81, WA, 380.81, WAM 383.81); Wombarella Gap — Sta. NRII — 7 (1 dead 

specimen, WAM 378.81); Windjana Gorge — Sta. NR XI (1dead specimen, WAM 948.76); 

15 km south of Windjana Gorge — Sta. NR XVIII (1 dead specimen, WAM 802.76); 

drift at mouth of The Tunnel (6 dead specimens, WAM 369.81, collected by G. W. 

Kendrick 26 August 1967). 

Napier Range, October 1976 to May 1977: Sta. WA-336, 4.3 km south-east Carpenter 

Gap (1 dead specimen, FMNH 199279); Sta. WA-271, cliffs 11.3 km east Tunnel Creek 

turn-off (1 dead specimen, FMNH 199453). 

King Leopold Ranges: 6 km north-east Mac's Jumpup (1 dead specimen, WAM 366.81, 

B. R. Wilson and S. Slack-Smith 28 August 1975); valley to north-east of Mt. Bell (4 

dead specimens, WAM 373.81, B. R. Wilson and S. Slack-Smith 27 August 1975). 

Prince Regent River Reserve, August 1974: eastern face of Mt. Trafalgar (15? 17” s, 

125? 04” E) — Sta. VV4 (1) (5 dead specimens, WAM 215.75); Pitta Creek, Prince Regent 

River (1 dead specimen, WAM 214.75). 
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Beverley Springs Homestead: Homestead-Gibb River Road (8 dead specimens, WAM 
375.81, B. R. Wilson and S. Slack-Smith 27 August 1975). 

Mitchell Plateau: Sta. 7, north side Walsh Point (8 live specimens, WAM 381.81, B. 
R. Wilson 30 October 1976); Sta. WA-204, Crystal Creek vine thicket (2 live, 13 dead 
specimens, FMNH 199570, FMNH 200389, FMNH 200392, FMNH 200426, FMNH 200429, 

A. Solem October 1976). 

Admiralty Gulf: Baudin Island, Institut Islands (14? 08' S, 125? 36' E) (1 dead specimen, 
WAM 384,81); South West Osborne Island (ca 44 dead specimens, WAM 370.81, W. 
K. Youngson 28 June 1973). 

Kalumburu Mission: Sta. WA-218, boab tree by banana patch (ca 30 live, ca 30 dead 
specimens, FMNH 199517, FMNH 200532, FMNH 200538, FMNH 200542-3, A. Solem 

October 1976). 

Drysdale River National Park, late August 1975: Sta. C1-2, Worriga Gorge (Ashton 
4267 — 491:376) (1 live, 7 dead specimens, WAM 100.76, WAM 101.76); Sta. C2-5, 
Woorakin Creek (Ashton 4267 — 571:346) (ca 62 dead specimens, WAM 102.76-104.76); 
Sta. C2 — 6, Woorakin Creek Gorge (Ashton 4267 — 565:345) (1 live, 3 dead specimens, 
WAM 105.76, WAM 382.81); Sta. C2— 7, Woorakin Creek Gorge (Ashton 4267 — 555:341) 
(3 live, 18 dead specimens, WAM 106.76, WAM 107.76). 

Pentecost River: Sta. WA-223, WA-592, flood plain of river on El Questro Station 
(15 live, ca 80 dead specimens, FMNH 200556, FMNH 200560, FMNH 200562, FMNH 
204745-6, A. Solem, C. Christensen, L. Price November 1976, May 1980). 

Lake Argyle: Sta. WA-246, 4 km north Lissadell Homestead (5 dead specimens, FMNH 
200590, A. Solem, C. Christensen November 1976). 

Kununurra: Sta. WA-240, Cave Springs, Cave Springs Range (2 dead specimens, A. 
Solem, C. Christensen 14 November 1976); Sta. WA-677, Sorby Hills (9 dead specimens, 
FMNH 205135, A. Solem, L. Price, F. and J. Aslin May 1980). 

Ningbing Ranges, north of Kununurra: Northern section — Sta. WA-428, WA-429, 
WA-634, WA-641, WA-644, WA-649, WA-662, WA-663, WA-666, WA-668, WA-700, WA- 
702 (19 dead specimens, FMNH 199027, FMNH 199057, FMNH 204896, FMNH 204942, 

FMNH 204953, FMNH 204987, FMNH 205052, FMNH 205058, FMNH 205069, FMNH 205084, 
FMNH 205095, FMNH 205267, FMNH 205278); Central section — Sta. WA-230, WA- 
627, WA-628, WA-629, WA-650, WA-652, WA-657-9, WA-666 (44 dead specimens, FMNH 

200575, FMNH 204867, FMNH 204869, FMNH 204876, FMNH 204996, FMNH 205001, FMNH 

205024, FMNH 205030, FMNH 205034, FMNH 205039). All collected November 1976 and 
May 1980. 

Jeremiah Hills, north of Kununurra: Sta. WA-435, WA-601, WA-673, WA-674 (6 live, 
88 dead specimens, A. Solem, L. Price, F. and J. Aslin, May 1977 and May 1980). 

Oscar Ranges: westside Brooking Gorge (5 dead specimens, WAM 364.81, D. Hembree 
14 October 1975); Sta. WA-257, WA-258, Brooking Gorge (ca 30 dead specimens, FMNH 
199490, FMNH 199549, A. Solem, L. Price, C. Christensen, November 1976); Sta. WA- 
255, Giekie Gorge Ranger Station (4 dead specimens, FMNH 199595); Sta. WA-259, 
1.5km north-west Two Mile Bore (4 live specimens, FMNH 200346, A. Solem, L. Price, 
C. Christensen November 1976). 

South-east Kimberley: Virgin Hills, 3 miles south-east Virgin Creek Bore, Gogo Station 
(1 dead specimen, WAM 371.81, G. W. Kendrick 18 July 1967); Gap Creek, Emanuel 
Range (48 dead specimens, WAM 136.68, G. W. Kendrick 9 August 1967); Cave Spring, 
Bugle Gap, Emanuel Range (22 specimens, WAM 368.81, A. M. Douglas and G. W. 
Kendrick 28 June 1966). 

Near border of Western Australia and Northern Territory: Sta. WA-708, 43 km north 
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of Nicholson River (4 dead specimens, FMNH 205302); Sta. WA-245, WA-600, Duncan 

Highway, 11.6 km north of Behn River Crossing (ca 30 dead specimens, FMNH 199624, 

FMNH 204779, A. Solem, C. Christensen, L. Price, November 1976, May 1980); Rosewood 

Station turnoff, Old Duncan Highway (1 dead specimen, WAM 372.81, M. Archer 29 

May 1970). 

NORTHERN TERRITORY: Victoria Highway, Sta. WA-699, 18 km west of Desmond's 

Passage (2 dead specimens, FMNH 205257, May 1980). 

Katherine area: Sta. WA-682, WA-683, WA-685-7, WA-689, WA-691-5 (ca 103 dead 

specimens, FMNH 205171, FMNH 205180, FMNH 205186, FMNH 205199, FMNH 205200, 

FMNH 205203, FMNH 205227, FMNH 205231-2, FMNH 205236, FMNH 205241, May 1980). 

Red Centre: Sta. WA-113, Glen Helen, MacDonnell Range (many dead specimens, 

FMNH 182092, FMNH 201534); Sta. WA-133, Temple Bar Gap, MacDonnell Range (2 

dead specimens, FMNH 182118); Sta. WA-131, WA-441, near Initiation Rock, Palm Valley 

(many specimens, FMNH 182077, FMNH 182112, FMNH 200654, FMNH 201551); Sta. 

WA-442, Cycad Gorge, Palm Valley (7 live specimens, FMNH 200484, 23 May 1977); 

Sta. 44, Palm Valley (4 live specimens, National Museum of Victoria, 23 May 1977); 

creek north-east Claraville (Alice Springs SF53-14 — 2780:0995) (3 dead specimens, FMNH 

198921, F. and J. Aslin 24 June 1978); gorge north Old Huckitta Homestead Ruins, Dulcie 

Range (Huckitta SF53-11 — 3528:1888) (1 dead specimen, FMNH 198895); Florence Creek, 

Hale River (Alice Springs SF53-14 — 2741:1000) (1 dead specimen, FM NH 198947); Eurobra 

Gorge, north-east of Alice Springs (Huckitta SF53-11 — 3685:1706) (ca 56 live, 8 dead 

specimens, FMNH 198847, FMNH 198861). 

SOUTH AUSTRALIA: Musgrave Ranges, south fringes. Sta. WA-886, 4.3km south of 

No. 8 Well, Mimili-Kenmore Park track (132° 32' 56" E, 26° 28' 8" S) (20 dead adults, 

Australian Museum, Sydney). 

QUEENSLAND: Mapen, Batavia River (2 dead specimens, FMNH 132447). 

Discussion: The above list of specimens covers only material studied for this revision, 

and omits much historical museum material examined many years ago. | have studied 

all types in the early 1960's, and confirmed the identity as Stenopylis coarctata 

(Moellendorff, 1894) of older material and specimens reported from Indonesia, 

Queensland and many more localities in the Red Centre. 

There are some peculiarities of range that require comment. Although reported from 

Nightingale Island off the coast of Vietnam, no records exist for the south-east Asian 

mainland, Sumatra (van Benthem Jutting, 1959), Java (van Benthem Jutting, 1952: 406), 

Borneo, or the larger Philippine Islands. It has been taken from satellite islands off 

Java (van Benthem Jutting, 1952: 406), and them Sumba, Timor, New Guinea, and the 

Solomon Islands, but not from most intermediate areas. Quite possibly this reflects 

merely lack of careful collecting for minute land snails, since Stenopylis coarctata is 

easily overlooked because of its small size. But the lack of records from Luzon, Java, 

and Celebes, where extensive collecting has been carried out over the years, suggests 

that these gaps may be in part real. 

In Australia, there is the unusual Port Hedland record in Western Australia. The 

specimens were taken in limestone rubble of a small raised reef that was mostly broken 

up to help build the airport roads. Undocumented records are from near Halls Creek. 

In November 1976, Carl C. Christensen and | spent five days visiting promising locations 

over a 50 mile radius. Two dead specimens of Stenopylis were the only land snails 

seen in this period — one was crushed by tweezers, the other fell into a deep boulder 

crevice and could not be retrieved. Stenopylis thus occurs as far south as Halls Creek, 

but the record is visual only. Otherwise, there are the scattered southern records in 

the wetter parts of the Napier, Oscar, and Emanuel Ranges. It is generally distributed 

across the northern part of the Kimberley, near Katherine, and well documented for 
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Queensland. According to John Stanisic (personal communication), the southermost 
record in Queensland is Nelly Bay, Cape Gloucester, north of MacKay. 

The Northern Territory distribution is not continuous. Although common in the 
Katherine area, and present in the lower Victoria River drainage, Stenopylis is unknown 
from Darwin or Arnhem Land. So little sampling has been done in the latter region, 
that the situation is unknown. The region from Mataranka south to the Reynolds Range, 
north-west of Alice Springs, basically seems snail-free territory. The known range of 
Stenopylis in the Red Centre is from the Harts Range, north-east of Alice Springs, 
through the MacDonnell and Krichauff Ranges to Palm Valley and the Musgrave Range. 
Whether or not it will be found in the James or Petermann Ranges remains to be 
determined. 

Thus both the extralimital and Australian ranges of Stenopylis coarctata contain large 
gaps that can be either the result of inadequate collecting, or actual absence of this 
genus. 

Within the area of Australian distribution, Stenopylis has been recorded almost 
everywhere that Westracystis lissus (Smith, 1894) has been found (Solem, 1982: 179- 
182), although at fewer stations within each area. This undoubtedly reflects the much 
smaller size of the helicodiscid. In contrast, localities for Discocharopa aperta are few 
and scattered, suggesting that it is much rarer than Stenopylis. 

Most live collections have been made under rocks in flood plain situations, although 
dead specimens are common in cave and talus accumulations. The large set from WA- 
218, Kalumburu Mission (FMNH 200542), came from an unusual situation in that they 
were living under a large boab tree situated on the edge of a banana patch that was 
routinely watered. At times the spray would reach the few limestone rocks at the base 
of the boab, thus giving a major increment to the water situation there. The snails 
with the largest animals still retained embryos, but most adults were retracted almost 
two whorls into the shell. They may well have shed young a short time prior to collecting. 

Subadults develop a characteristic apertural armature of three barriers: 1) a long 
upper parietal ridge that is highest and most bulbous in the centre; 2) a lower parietal, 
egg-shaped blob; and 3) a mid-palatal blob situated opposite the bulbous section of 
the upper parietal. The first two blobs are retained in the adults inside the aperture 
(Haas, 1945: 11, fig. le), while the third one apparently is resorbed. They greatly narrow 
the shell aperture and would effectively prevent micro-arthropod entrance into the 
shell. 

Family Charopidae 

The Pacific Island taxa belonging to this family have been reviewed elsewhere (Solem, 
1983), with extensive discussion of supra-generic categories. Remarks below are limited 
to those necessary to place the three northern Australian taxa into context of known 
units. They are very different from each other in almost every feature of their shell 
and can be readily separated by the following key. 

, 

KEY TO THE CHAROPIDAE OF NORTHERN WESTERN AUSTRALIA 
1. Apex depressed, microsculpture pitted (Figs 31-33)........ Pilsbrycharopa tumidus 

(Odhner, 1917) 
Apex slightly to moderately elevated, radial microsculpture 2 

2. Diameter less than 2 mm, colour white, umbilicus widely open (Fig. 24) 
cocharopa aperta (Moellendorff, 1888) 

Diameter about 7 mm, colour yellow-brown, umbilicus rather narrow (Fig. 39) 
Dupucharopa millestriata (Smith, 1874) i 

Discocharopa aperta has one of the widest ranges known for any land snail, extending 
from the Philippines and Java to Borabora, Society Islands. The possiblity exists that 
this is a complex of species with mosaic distributions (Solem, 1983: 74-81), but much 
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anatomical study will be required before this question can be settled. The other two 

species are known from single collections. 

Genus Discocharopa Iredale, 1913 

Discocharopa Iredale, 1913, Proc. Malac. Soc. London, 10 (6): 379-380; Iredale, 1937, 

Australian Zool., 8 (4): 325, Iredale, 1937, South Australian Nat., 18 (2): 25; Solem, 1957, 

Fieldiana: Zoology, 42 (1): 2-6; Solem, 1959, Fieldiana: Zoology, 43 (1): 82-83; Solem, 

1983, Endodontoid land snails from Pacific Islands, Part II: 74-81. 

Type species. — Charopa exquisita Iredale, 1913. 

Although Iredale (1937b: 325) referred several Tasmanian species to Discocharopa, 

and a Victorian species, D. inexpectata (Gabriel, 1947), is included by Smith and Kershaw 

(1979: 156), all of these taxa show major differences in shell micro-sculpture that make 

it improbable that they are correctly classified (Solem, unpublished). It is not possible 

to reclassify them at this time, but they are not considered to be true Discocharopa 

and are not discussed further. 

Only one species is recognized, although it has been described at least six times. 

The two taxa based on Australian material, concinna Hedley, 1901 and planorbulina 

Tate, 1896, are identical in form and sculpture. The following synonymy is abbreviated 

from that presented in Solem (1983) to include only Australian literature. 

Discocharopa aperta (Moellendorff, 1888) 
Figs 9-10, 22-27 

Patula aperta Moellendorff, 1888, Nachr.-Be. deut. Malak. Gesell., 20 (5-6): 89 — 

Montalban, Luzon, Philippine Islands. 

Endodonta (Charopa) planorbulina Tate, 1896, Rep. Horn Exped. central Australia, Part 

II, Zool., 187, pl. 17, fig. 3 — Palm Creek, Krichauff Range, central Australia. 

Endodonta concinna Hedley, 1901, Proc. Linn. Soc. N.S.W., 25: 729, pl. 48, figs. 1-3 

— Bundaberg, Queensland. 

Discocharopa aperta (Moellendorff), Solem, 1983, Endodontoid land snails from Pacific 

Islands, Part //: 76-81, figs 35-37 — gives full extra-limital literature citations and 

discussion of variations. 

Diagnosis: A minute species, diameter 1.3-1.6 mm in Australia, with 3 to 3 3/4 normally 

coiled whorls. Apex and spire slightly to moderately elevated (Fig. 23), last whorl 

descending gradually before aperture, height of shell 0.55-0.7 mm, H/D ratio 0.400- 

0.450. Apical sculpture (Fig. 25) of fine radial riblets, with spiral pressure folds visible 

athigh magnification (Fig. 26). Postapical sculpture (Figs 9, 10, 27) of protractively sinuated 

radial ribs, narrow, crowded. Micro-sculpture usually eroded, absent from most of body 

whorl, very complex (Figs 9, 10, 27). Umbilicus broadly open, regularly decoiling, 

contained 2.30-2.90 times in the diameter. Colour faint yellow-white. 

Holotype of Endodonta (Charopa) planorbulina Tate, 1896 — South Australian Museum 

D.3222, Palm Creek, Krichauff Range, central Australia. 

Lectotype of Endodonta concinna Hedley, 1901 — Bundaberg, Queensland. Australian 

Museum C.8970. 

Material studied: The following records are organized geographically, roughly west 

to east, and include only material examined for this study. Additional eastern Australian 

records are listed in Solem (1983: 78). 

WESTERN AUSTRALIA North West Cape region: banks of Cy Creek, Cardabia Station 

(ca 97 dead specimens, WAM 400.72, G. W. Kendrick and T. A. Darragh 6 April 1969); 

Monajee Cave (- WAM Cave 6), Cape Range (31 dead specimens, WAM 71.992, WAM 

71.1001, WAM 71.1007, WAM 71.1018 G. W. Kendrick and G. Hitchin 23 May 1965); 
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WAM Cave 1, Cape Range (7 dead specimens, WAM 65.485). Napier Range: Sta. NR 
V, north-west of Stumpy's Well (1 dead specimen, WAM 824.76, B. R. Wilson and S. 
Slack-Smith 29 August 1975); Sta. NRII 4a, ca 4.5 km north-west of Barker River crossing 
(Lennard SE51-8 — 247:829) (1 dead specimen, WAM 1757.78 B. R. Wilson and S. Slack- 
Smith 18 May 1976); Sta. WA-305, 0.5 km east of Yammera Gap (Lennard 3863 — 938:815) 
(1 dead specimen, FMNH 199245, L. Price and C. Christensen 10 December 1976); Sta. 
WA-303, 1 km east of Yammera Gap (1 dead specimen, FMNH 199179); flood debris 
at north end of The Tunnel (1dead juvenile, WAM 1758.78, G. W. Kendrick 26 August 
1967). 

Oscar Ranges: Sta. WA-257, WA-258, Brooking Gorge entrance, north-west of Fitzroy 
Crossing (9 dead specimens, FMNH 199491, FMNH 199547); Sta. WA-255, near Giekie 
Gorge Ranger Station, Giekie Gorge National Park (3 dead specimens, FMNH 199597). 

Ningbing Ranges, north of Kununurra: Sta. WA-620, WA-634, WA-649, WA-653, 
scattered localities (4 dead specimens, FMNH 204850, FMNH 204895, FMNH 204988, 
FMNH 205006). 

NORTHERN TERRITORY MacDonnell Range: Sta. WA-113, Glen Helen opening to 
Finke Gorge (28 dead specimens, FMNH 182104, FMNH 201533); Sta. WA-133, Temple 
Bar Gap (1 dead specimen, FMNH 182119). 

Krichauff Range, south-west of Alice Springs: Sta. WA-131, near Initiation Rock, Palm 
Valley (many dead specimens, FMNH 201550). Gill Range, south-west of Alice Springs: 
Sta. WA-446, Kathleen Spring (3 live specimens, FMNH 200476). 

Discussion: The extralimital range of Discocharopa aperta is significantly greater than 
that of Stenopylis coarctata, in that the former ranges eastwards from the Solomon 
Islands to the Society Islands (Solem, 1983). The western limits of Java and the Philippines 
are quite comparable, except that Discocharopa has been collected on Java itself (van 
Benthem Jutting, 1952: 398), whereas Stenopylis is known only from satellite islands 
of Java (Ibid., pp. 405-6). Neither genus has been recorded from Sumatra (van Benthem 
Jutting, 1959) or the south-east Asian mainland. 

The known distribution of Discocharopa aperta in Australia is quite patchy. Its absence 
from the Prince Regent River, Mitchell Plateau, Drysdale River National Park, Kalumburu, 
and Katherine area is surprising, considering the abundance of Stenopylis and the 
intensity of collecting effort in these regions. Most records are based upon individuals 
found in dirt caked apertures of larger snails during sorting, and it seems likely that 
intensive collecting would expand the known range. My only collection of living 
individuals was made near Kathleen Spring in the Gill Range, Red Centre (Sta. WA- 
446), and these were taken from rocks. 

The southern range limit of Discocharopain Eastern Australia apparently lies in isolated 
temperate rain forest patches of north-eastern New South Wales, and both Lamington 
National Park and Bridge National Park in south-east Queensland (John Stanisic, personal 
communication). 

In many parts of its range, Discocharopa aperta has a large, deeply recessed parietal 
barrier (Solem, 1983: 76, figs 35a-b), but this is not known for any Australian examples. 
Because of the fragmentary adult material available for this study, with many sets 
consisting of single broken examples, no study of local variation was attempted. 

Genus Pilsbrycharopa Solem, 1958 
Corinomala Iredale, 1939, Jour. Roy. Soc. Western Australia, 25: 43 — type species 

Endodonta (Charopa) tumida Odhner, 1917. Nomen nudum. i 

Pilsbrycharopa Solem, 1958, Arch. Mollusk., 87 (1/3) 24; Solem, 1970, The Veliger, 
12 (3): 240-254. 
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Diagnosis: Small to quite large Charopidae in which the apical sculpture of radial 

and spiral ridges may shift toward a pitted appearance (Figs 28, 31, 32). Whorls 3 1/ 

2 to 4 1/2, highly variable in coiling pattern, shell shape variable. Postapical sculpture 

variable, usually prominent radial ribs present, microsculpture variable. Genital anatomy 

known only for one species, radula of another typically charopid. 

Type species. — Pilsbrycharopa papuana Solem, 1958 (= Charopa nigrofusca Smith, 

1896). 

Comparative remarks 

The previously known range of Pilsbrycharopa was Borneo to New Britain, Bismarck 

Archipelago. The genus itself was broadly defined (Solem, 1970) and recognized as 

potentially being artificial. Association of a northern Australian species with this complex 

is based upon the apical microsculpture (Figs 28, 31-33) of that species, which is 

transitional between that of Pilsbrycharopa and the New Guinea Paryphantopsis Thiele, 

1928 (see Solem, 1959: plt. 13. fig. 6; Solem, 1970: 249, figs 1a, d). Revision of this 

complex will require much additional material. In the absence of new collections, little 

would be gained by fragmenting the complex into ill-defined genera. The apical 

sculpture is not duplicated in any Austro-Zealandic charopid known to me or Frank 

Climo (personal communication), and association of P. tumidus with the Indonesian- 

New Guinea species is the logical alternative. Iredale (1939: 43) listed a subgeneric 

name, Corinomala, but gave no description. It is considered to be a nomen nudum. 

If dissection shows that P. tumidus is separable on a generic or subgeneric level, then 

this name could be described and validated at that time. 

Pilsbrycharopa tumidus (Odhner, 1917) 
Figs 28-36 

Endodonta (Charopa) tumida Odhner, 1917, Kungl. svensk. Vetens. Handl., 52 (16): 

72, figs 24-25, plt. 3, figs 72-74 — at the Pandanus spring, Noonkanbah, Fitzroy River, 

Western Australia. 

Luinodiscus tumidus (Odhner), Iredale, 1937, Australian Zool., 8 (4): 331; Iredale, 1939, 

Jour. Roy. Soc. Western Australia, 25: 42-43, plt. III, fig. 2. 

Diagnosis: A medium sized species, diameter 3.61-4.04 mm (mean 3.83 mm), with 

3 1/2 to 4+ (mean 3 2/3) normally coiled whorls. Apex and early spire sunken, body 

whorl barely descending before aperture (Fig. 29), height of shell 1.99-2.25 mm (mean 

2.10 mm), H/D ratio 0,537-0.559 (mean 0.548). Apical sculpture (Figs 28, 31-33) complex, 

initially pitted (Fig. 32), becoming irregularly radially ribbed near end (Fig. 33). Postapical 

sculpture of 128-141 (mean 131.8) protractively sinuated radial ribs on the body whorl, 

whose interstices are two to four times their width (Fig. 34). Microsculpture (Figs 34- 

36) of fine radial riblets that have much finer spiral buttresses and small folded ridges. 

Each major rib with three micro-radials at its peak (Figs 35-36). Umbilicus (Fig. 30) relatively 

narrow, regularly decoiling, contained 3.96-4.19 times (mean 4,06) in the diameter. Colour 

light yellow horn. à; 

Paratypes: Pandanus Spring, Noonkanbah Station, Fitzroy River, Kimberley, Western 

Australia (5 specimens, AM С.41900, Naturhistoriska Riksmuseet, Stockholm 942, E. 

Mjoberg 10 February 1911). 

Discussion: The diagrams of radular cusps and jaw of Pilsbrycharopa tumidus (Odhner, 

1917: 72, figs 24-25) show that these structures are consistent with classification in the 

Charopidae, but are not detailed enough to permit comments on generic placement. 

Solem (1970: 264, Table 6) differentiated Paryphantopsis Thiele, 1928 and 

Pilsbrycharopa Solem, 1958 on trends in shape, sculpture, and size, and indicated that 

they might well be a complex of genera. The features of Pilsbrycharopa tumidus lend 

support to this possibility. In size, shape, sculpture, calcification, and micro-sculpture, 

it agrees well with that genus, but the apical micro-sculpture (Figs 31-33) comes closer 

to the pitted apex of Paryphantopsis. Depressed apices are a recurrent phenomenon 

in the Charopidae, and of little value in classification. Overall, P. tumidus does not 
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agree well with any of the five species clusters of Pilsbrycharopa outlined by Solem 
(1970: 241), showing features of different groups. No other Australian charopid comes 
close in matching its apical sculpture, while several of the Indonesian species approximate 
its features. Thus classification in Pilsbrycharopa is proposed pending availability of 
adequate materials for a modern revision of the entire complex. 

Odhner (1917: 74) recorded several fresh-water molluscs from the Fitzroy River at 
Noonkanbah, but Pilsbrycharopa tumidus was the only land snail collected. Five of 
the eight known specimens have been examined. No more recent collections have 
been made at Noonkanbah Station to my knowledge. 

Genus Dupucharopa Iredale, 1937 
Australian Zool., 8 (4): 332; Iredale, 1939, Jour. Roy. Soc. Western Australia, 25: 43- 

44. 

Diagnosis: Shell relatively large, spire slightly elevated, umbilicus moderately open, 
only slight decoiling. Whorls about 4 3/4, normally coiled. Apical sculpture of rather 
widely spaced radial ribs crossed by fine spiral cords that become beaded on top of 
the radial ribs. Post-apical sculpture of low, rounded, rather widely spaced radial ribs 
crossed by fine spiral cords, with very fine radial micro-riblets between the major ribs. 
Anatomy unknown. 

Type species. — Helix millestriata Smith, 1874. 

Comparative remarks 
The most unusual feature of Dupucharopa is that the spiral micro-sculpture is much 

stronger than the micro-radials (Fig. 45), with the latter, in effect, giving a beaded 
effect to the spirals at the point of crossing. This is very different from the situation 
found in any of the south-western Australian charopids (Solem, in preparation) or south- 
eastern taxa reviewed by Smith and Kershaw (1979). Both Smith (1974) and Iredale 
(1939) commented on the shell sculpture. 

Some of the Indonesian Pilsbrycharopa (Solem, 1970) have sculpture that appear similar 
at optical magnifications, but more study is needed. 

Until the anatomy can be studied, the unique microsculpture serves to distinguish 
Dupucharopa millestriata from any named Australian taxa, while its size, general 
appearance, and geographic location, suggest affinity with Pilsbrycharopa. There is 
insufficient evidence for synonymization ef genera. Presentation of new illustrations 
and SEM photographs of the sculpture permit ready comparison with other taxa. 

The original description of Dupucharopa (Iredale, 1937b: 332) was in error by saying 
the spire was depressed, since it clearly (Fig. 38) is elevated. 

Dupucharopa millestriata (Smith, 1874) 
Figs 37-45 

Helix millestriata Smith, 1874, Zoology of the Voyage of H.M.S. Erebus & Terror, Il, 
Mollusca, p. 2, plt. 4, figs 5 (top and bottom views) — Dupuch’s (= Depuch) Island, 
West Australia. 

Elaea millestriata (Smith), Tryon, 1885, Man. Conch., (2) 1: 130, plt. 28, figs. 50-51. 

Patula millestriata (Smith), Smith, 1894, Proc. Malac. Soc. London, 1: 87. 

Endodonta millestriata (Smith), Hedley, 1916, Jour. Roy. Soc. Western Australia, 7: 220. 

Dupucharopa millestriata (Smith), Iredale, 1937, Australian Zool., 8 (4): 332; Iredale, 
1939, Jour. Roy. Soc. Western Aust., 25: 43-44, 

Diagnosis: Shell large, diameter about 6.75 mm, with 4 3/4 normally coiled whorls. 
Apex and spire slightly and evenly elevated (Fig. 38), body whorl descending gradually 
before aperture, height of shell 3.53 mm, H/D ratio 0.524. Apical sculpture (Figs 40- 
42) of rather widely spaced radial ribs, at least partly with calcareous sections (upper 
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left of Fig. 41), crossed by very fine and crowded spiral cords that become higher 
on top of radial ribs, giving a beaded effect (Fig. 42). Postapical sculpture of broadly 
rounded, low, rather widely spaced radial ribs (Figs 43-44), about 92 on remaining section 
of body whorl, whose interstices are about three to five times their width. Micro- 
sculpture of fine spiral cords continued from the apex (Figs 41, 43-45), plus extremely 
narrow and fine radial micro-riblets (Figs 44-45). A beaded effect occurs when the 
micro-spirals and micro-radials cross each other (Figs 44-45). Sutures deep, whorls 
strongly rounded above, somewhat flattened laterally above and below periphery. 
Umbilicus narrow, U-shaped, barely decoiling (Fig. 39), contained 4.48 times in the 
diameter. Lip broken for almost 3/16 of a whorl, obscuring apertural shape and 
inclination. 

Lectotype of Helix millestriata Smith, 1874 — British Museum (Natural History) 
44.12.27.17. Dupuch’s (= Depuch) Island, West Australia. 

Paratype — Dupuch's (= Depuch) Island, West Australia (1 specimen, British Museum 
[Natural History] 44.12.27.18). 

Discussions: Only the type material is known, and all post-1890 references are based 
on the publications of E. A. Smith. The type locality, Depuch Island, is situated about 
60 km east of Roebourne, along the Pilbara coast of Western Australia. To my knowledge, 
no biological collections have been made here since the voyage of the Erebus and 
the Terror in the early 1840's. Rhagada richardsonii (Smith, 1874) was collected at the 
same time, but no other land snails have been recorded from Depuch Island. 

The most unusual shell sculpture of Dupucharopa millestriata (Figs 40-45) separates 
this species from any south-west Western Australia species of charopids (Solem, 
unpublished). Its size, shape, and sculpture seem much closer to that of the 
Pilsbrycharopa complex (see above), but until the species has been dissected, accurate 
classification is not possible. In view of its unusual sculpture and isolated geographic 
position, use of the name Dupucharopa is continued, although actual generic 
differentiation is uncertain. 

DISCUSSION 

Our level of knowledge concerning the four species reviewed above are very different. 
Dupucharopa millestriata (Smith, 1874) is known from two empty shells collected in 
the early 1840's on an island near Roebourne, Western Australia. SEM observations 
demonstrate that the shell microsculpture is quite different from that found in known 
southern Australia charopids, and can be compared with sculptural variations found 
in the Pilsbrycharopa complex of Indonesia to New Britain. A second Western Australia 
species, Pilsbrycharopa tumidus (Odhner, 1917), from Noonkanbah Station on the Fitzroy 
River, Kimberley, Western Australia, has the unique apical sculpture found in some 
New Guniea taxa, and thus is classified as an Indonesian taxon with more assurance. 
It is known from a single collection early in this century. 

In contrast, both Stenopylis coarctata (Moellendorff, 1894) and Discocharopa aperta 
(Moellendorff, 1888) range from the Philippines through New Guinea and variously 
further into the Pacific. Dissection and SEM studies on both taxa provide good evidence 
as to thier affinities, and sufficient data has been recorded to enable comments 
concerning their patterns of distribution. Stenopylis is known from many more localities 
and seems to have a nearly continuous distribution. It is often collected in areas well 
removed from diversity centres for other land snails, in small pockets of trees or under 
scattered boulders in the shade of a large tree that are uninhabited by other snail 
species. Discocharopa is known from much fewer stations and has not been collected 
in many wetter areas of the Kimberley — Prince Regent River Nature Reserve, Mitchell 
Plateau, Kalumburu Mission, Drysdale River National Park — although these areas have 
bren visited by highly competent snail collectors. Some of these absences are expected 
to be real. 
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No records of other charopids or punctids have turned up in the Kimberley or Pilbara, 
although both families are common in the Eastern States and along the south coast 
of Australia. Several small punctids are known from the Red Centre, but no other 
charopids besides Discocharopa. Punctids and charopids are common and diverse in 
the moister regions of south-western Australia, especially in the area from slightly north 
of Perth south to Cape Leeuwin and then east through the Stirling Ranges. Punctids 
continue east in the limestone refugia of the Nullabor, and these taxa are under study 
by Frank Climo, National Museum of New Zealand, Wellington, New Zealand. 

Thus the few taxa reviewed and reillustrated here present a truely isolated groupin 
from the main Australian radiations of punctids and charopids. Stenopylis an 
Discocharopa are Indonesian species that have colonized Australia successfully. 
Pilsbrycharopa tumidus is interpreted as a dispersed taxon from Indonesia, quite sss 
by migratory birds. The Fitzroy River near Noonkanbah has a narrow band of lushly 
vegetated islets and floodplain situations. They offer perhaps the best moisture conditions 
in the Kimberley for charopid land snails. At most times of the year this would be 
a natural stopping place for birds travelling to or from Indonesia and New Guinea. 
Evidence as to the affinities of Dupucharopa millestriata is too fragmentary for firm 
classification, but it is different in shell features from the main Australian charopid 
lineages, and thus is grouped here as a possible Indonesian straggler. 

The previous two parts of this series, Solem (1981c, 1982) have dealt, respectively, 
with a limestone associated genus that has speciated in scattered hill systems 
(Gyliotrachela Tomlin, 1930), and a species whose habit of aestivating in curled up 
leaves in the litter (Westracystis lissus [E. A. Smith, 1894]) has given it a nearly universal 
distribution throughout the Kimberley. Both situations contrast with the distributions 
outlined above, and suggest that the small land snails of the Kimberley show independent 
distribution patterns. 
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APPENDIX 

List of anatomical abbreviations 
A, anus; DG, prostate; E, epiphallus; EMB, embryo; G, ovotestis; GD, hermaphroditic 
duct; H, heart; HG, hindgut, HV, principal pulmonary vein; l, intestine; K, kidney; 
KD, ureter; KX, ureteric pore; P, penis; PR, penial retractor muscle; S, spermatheca; 

UT, uterus; V, vagina; VD, vas deferens; Y, atrium. 
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0.5 mm 

FIGURES 1-3 

Genitalia of Stenopylis coarctata (Moellendorff, 1894): 1, 2 — Sta. WA-218, under large 
boab near Kalumburu Mission, Western Australia, 28 October 1976, FMNH 200538, 1 
is pallial genitalia with an embryo (EMB) inside uterus (UT), 2 is apical genitalia, 3 
— Sta. NR 5, north-west of Stumpy's Well, Napier Range, Western Australia, 29 August 
1975, WAM 806.76, terminal genitalia. Scale lines as marked. Drawings by Elizabeth 
A. Liebman. 
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| 0.5 mm | 

FIGURE 4 
Pallial complex of Stenopylis coarctata (Moellendorff, 1894): Sta. WA-601, 13.7 km south 

of Limestone Mill, north of Kununurra, Western Australia, 16 May 1980, FMNH 204784. 

Scale line equals 0.5 mm. Drawing by Elizabeth A. Liebman. 
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FIGURES 5-10 
Shell sculpture of Stenopylis coarctata (Moellendorff, 1894) and Discocharopa aperta 
(Moellendorff, 1898): 5-8 S. coarctata, Sta, WA-131, Palm Valley, Finke Gorge National 
Park, Northern Territory, 18 March 1974, FMNH 777777, 5 — top view at 16.9 X, 6 — 
side view at 18.0 X, 7 — bottom views at 17.9 X, 8 — body whorl sculpture and growth 
pause at 70 X, 9-10 D. aperta, Sta. WA-131, Palm Valley, Northern Territory, 18 March 
1974, FMNH 201551, 9 — microsculpture on penultimate whorl at 640X 10 — 
microsculpture on body whorl at 305X. 
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FIGURES 11-16 

Radula and jaw structures of Stenopylis coarctata (Moellendorff, 1894): Sta. WA-601, 

13.7 km south of Limestone Mill, north of Kununurra, Western Australia, 16 May 1980, 

FMNH 204784, 11 — part row of radular teeth at 310, 12 — central and lateral teeth 

viewed from high anterior angle, 610 X, 13 — lateromarginal transition at 530 X, 14 

— central and lateral teeth viewed at high posterior angle at 1,575 X, 15 — central 

and early lateral teeth viewed at high anterior angle at 1,565 X, 16 — jaw edge and 

attachment membranes at 330 X. 
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FIGURES 17-21 

Radular teeth of Stenopylis coarctata (Moellendorff, 1894): Sta. WA-601, 13.7 km south 
of Limestone Mill, north of Kununurra, Western Australia, 16 May 1980, FMNH 204784, 
17 — lateromarginal transition at 1,670 X, 18 — late lateral teeth at 1,650 X, 19 — mid- 
marginal teeth at 1,690 X, 20 — outer marginal teeth at 1,645 X, 21 — mid-marginal 
tooth at 3,440 X. 
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FIGURES 22-27 
Shell and microsculpture of Discocharopa aperta (Moellendorff, 1894): Sta. WA-131, 
Palm Valley, Finke Gorge National Park, Northern Territory, 18 March 1974, FMNH 
??????, 22 — top view at 15.2 X, 23 — side view at 16.6 X, 24 — bottom view at 16.8 

X, 25 — apical and post-apical sculpture at 59.2 X, 26 — micro-sculpture on early part 
of apex at 295 X, 27 — sculpture on penultimate and body whorls at 150 X. 
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FIGURES 28-33 

Shell and apical sculpture of Pilsbrycharopa tumidus (Odhner, 1917): Pandanus Spring, 
Noonkanbah, Fitzroy River, Western Australia, 10 October 1911, AM C.41900, 28 — 
top view at 7.7 X, 29 — side view at 8.9 X, 30 — bottom view at 7.2 X, 31 — apex 
and early spire at 37.2 X, 32 micro-sculpture on early apex at 380 X, 33 — micro-sculpture 
on late apex (left) and early spire (right) at 189 X. 
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FIGURES 34-36 
Postapical micro-sculpture of Pilsbry- 
charopa tumidus (Odhner, 1917): 34 — 
portion of body vvhorlat70 X, 35 — micro- 
sculpture between three major ribs at 350 
X,36 — top of major rib and micro-riblets 
at 1,045 X. 

—— SES 

FIGURES 37-39 
Shell of Dupucharopa millestriata (Smith, 
1874): Depuch (= Dupuch's) Island, east 
of Roebourne, Western Australia. Holo- 
type of Helix millestriata Smith, 1874, 
British Museum (Natural History) 
1844.12.27.17. Scale line equals 5 mm. 
Drawings by Elizabeth A. Liebman. 
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FIGURES 40-45 
Micro-sculpture of Dupucharopa millestriata (Smith, 1874): Depuch Island, east of 
Roebourne, VVestern Australia, British Museum (Natural History) 1844.12.27.17, holotype, 
40 — apex and early spire at 42 X, 41 — detail of apex and early spire micro-sculpture 
at 84 X, 42 — detail of the apical micro-sculpture at 963 X, 43 — sculpture on 2nd 
and 3rd whorls at 81 X, 44 — micro-sculpture on 3rd whorl at 215 X, 45 — detail of 
3rd whorl microriblets at 860 X. 
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A new species of Tellina (Tellinides) (Bivalvia: Tellinidae) 
from Western Australia. 
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Australia, 6000. 

2. 31 Clement Street, Swanbourne, Western Australia, 6010. 

ABSTRACT 

A new bivalve species, Tellina (Tellinides) cockburnensis, is described from inshore 
localities in Western Australia between Warnbro Sound and Bernier Island. Fossil records 
are from Quaternary deposits between Kalbarri and Albany. 

INTRODUCTION 

The species described below appears to have first come to notice over 50 years ago 
in fossil material collected from the emergent Pleistocene shell bed at Peppermint 
Grove near Perth and listed by Reath (1925:36) and by Glauert (1926:67) under the 
composite entry “Tellina spp.". Reath’s specimen was located by one of us (G.W.K.) 
in 1970 in the collections of the Department of Geology, University of Western Australia 
and its identity established by comparison with modern material. 

Indications that the species was living in local waters were obtained over the period 
1956-60 as a result of a faunal survey of Cockburn Sound, carried out by a group of 
members of the Western Australian Naturalists’ Club. Collections made during this 
survey were presented to the Western Australian Museum (WAM) and the results of 
this and other collecting have been utilized in this study. 

Unless otherwise stated, all material, modern and fossil, cited herein is from the 
collections of the Western Australian Museum. Registration numbers are either from 
the Museum’s modern mollusc (e.g., 2092.82, N1121) or invertebrate fossil (e.g., 71.769) 
catalogues. In the taxonomy of the Tellinidae, we follow the arrangement of Keen 

in Moore, (1969, pp. N613-N621). 

SYSTEMATIC DESCRIPTION 

Genus Tellina Linnaeus, 1758 
Type species: Tellina radiata Linnaeus, 1758 
(subsequent designation Schmidt, 1818) 
Subgenus Tellinides Lamarck, 1818 
Type species: Tellinides timorensis Lamarck, 1818 
(by original designation) (= Tellina sinuata Spengler, 1798) 
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Tellina (Tellinides) cockburnensis sp. nov. (Figs 1-3) 

Tellina spp. (part). Reath, 1925. J. Roy. Soc. West. Aust. 11:36. 

Tellina spp. (part). Glauert, 1926. West. Aust. Geol. Surv. Bull. 88:67. 

Tellina sp. Chalmer et al., 1976. Rec. West. Aust. Mus. 4:391, 397. 

Tellina sp. Kendrick, 1977. J. Roy. Soc. West. Aust. 59:99, 101. 

Tellina (Tellinides) sp. Wells and Threlfall, 1980. The Veliger 23:131-140, Table 2. 

A exterior, 
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| Figure 2. Tellina (Tellinides) cockburnensis sp. nov. Paratype, WAM 71.769i, m. A left 
valve exterior. B right valve exterior. C left valve interior. D right valve interior. 
x 2. 

Right valve interior 

Right hinge 

Figure 3. Tellina (Tellinides) cockburnensis sp. nov. right valve interior, x 3.4. right 
valve hinge, x 11.5. 
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Description: Shell up to 33 mm long and 21 mm high, transversely subrectangular to 
subelliptical, compressed, with a weak posterior flexure to the right; valves discrepant, 
the left valve very slightly longer, lower and more inflated than the right; maximum 
inflation anterior to beaks; valves thin, translucent. Umbones low, flattened; beaks 
acuminate, opisthogyrate, slightly posterior of centre; antero-dorsal margin well arched; 
anterior margin rounded, low, merging evenly into the broadly convex ventral margin; 
postero-dorsal margin short, more or less straight; posterior margin obliquely truncate 
or subangulate at the extremity, narrowly gaping; axis of greatest length set rather 
low; posterior area of the left valve larger than that of the right and defined by a 
weak angulation; in the right valve, the posterior area is offset by a faint radial sulcus; 
lunule narrow and weakly defined on the left valve, obsolete on the right. 

Sculpture similar on each valve, of fine, close, slightly irregular growth striae, accentuated 
on the posterior area; umbones smooth; periostracum very thin, smooth, polished. 

Ligament external, strong, annulated, horn-brown, set on a strong nymph, which rises 
above the dorsal margin; ligamental groove incised. Hinge weak, comprising two 
cardinals in each valve and a single anterior lateral in the right valve only; right anterior 
cardinal thin, posterior cardinal larger, bifid and skewed posteriorly; anterior lateral 
well developed, close to the cardinal complex and joined to it by a narrow hinge 
plate; left anterior cardinal bifid, stronger than the laminar posterior cardinal. Muscle 
attachment scars weakly impressed, similar in each valve; anterior adductor scars larger 
than the posterior, irregularly lobate, often continuous with the pedal retractor scars; 
posterior adductor scars roundly subquadrate, with a prominent, digitate dorsal 
extension; cruciform muscle scars subcircular, weakly impressed, usually one below 
and one near the termination of the pallial line. Pallial sinus deep, similar in each 
valve, with a short steep posterior side, peaking a little behind the beak; anterior side 
the longer, with a truncation up to 2 mm short of the anterior adductor scar, then 
mostly confluent with the pallial line, which is well above the ventral margin and 

convergent with it posteriorly. 

Colour of variable intensity, externally shades of pink (pale to medium), sometimes 
with deeper pink rays bordering the posterior area; interior similar but with the addition 
of salmon to orange-yellow areas around the anterior and ventral margins; valves shining 

internally and externally, with an opaline, iridescent lustre. 

Dimensions (mm) 

length max.height inflation 
RV LV RV LV RV LV 

Holotype WAM 2092.82 26.5 26.8 16.9 16.7 2.6 33 
Paratype WAM 604.82a 25.0 25.1 15.7 15.5 2.8 3.0 
Paratype WAM 604.82b 27.9 28.0 17.2 17.0 3.0 3.4 
Paratype WAM 604.82c 27.5 27.8 17.1 16.9 331 33 
Paratype WAM 604.82d 25.9 26.2 16.8 16.6 3.0 3.1 
Paratype WAM 604.82e 23.5 23.8 14.7 14.3 Dg Phe) 

Paratype WAM 604.82f 21722251 13.9 14.0 25 2.6 
Paratype WAM 71.769 i,m* 33.5 33.6 21.5 21.3 3.9 42 

* fossil and largest known specimen 

Material: Holotype WAM 2092.82. A pair of valves from Cockburn Sound, Western 
Australia, 1.6 km north from Rockingham (lat. 32915'32"S, long. 115943744”E), dredged 
live in 16.5 m from grey silty mud; G.W. Kendrick in FRV “Flinders”; 11.xi.1974. 

Paratypes. WAM 604.82. 19 articulated pairs, 24 right valves, 25 left valves. Australian 
Museum C133716. One articulated pair. All the above paratypes: collected with the 
holotype. WAM 71.769. Five pairs, one left and two right valves from Point Waylen, 
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Attadale, Western Australia. Dept of Aviation radio signalling installation; excavation 
on supratidal samphire flat, in fine brown quartz-carbonate sand, 0.6-0.7 m below ground 
surface. G.W. Kendrick, 11.iii.1971. Age Middle Holocene. 

Other material (catalogue numbers with prefix omitted). 

1. Modern Records 

(a) Cockburn Sound. N1121, Woodman Pi. naval jetty, 9 m. N3661, Careening Bay, 
Garden Island, dredged in mud; 9 m midway between Colpoys Pt. and Parkin Pt. N3739, 
(wet) 1 km west of James Pt. (stn 129). N4859, Careening Bay, Garden I., sandy shallows 
near sea grass. 896.68, Careening Bay, Garden l., sand near weed patches in shallows. 
782.82, about 1 km NW of James Pt. 783.82, north end of Sound, east of lights. 781.82 
and 804.82 (wet), west side of Sound. 704.82, southern flats, Garden Island. 805.82 (wet), 
central basin, ca. 3 km west of Kwinana, mud, 18 m. 808.82 (wet), Woodman Pt. 811.82 
(wet), Woodman Pt. victualling (naval) jetty. 813.82 (wet), Careening Bay, Garden 1. 
814.82 (wet), 1 km ENE of Colpoys Pt, Garden I. 815.82 (wet), 2 km east of Buchanan 
Bay, Garden 1., 19-20 m. 

(b) Warnbro Sound. 813.82 (wet), 2.5 km NNE of Becher Pt, 17 m. 1008.83, 1.8 
km SSE from Mersey Pt, grey silty mud, 18 m. 

(c) Fremantle area. N730, Fishmarkets anchorage, after dredging. 1247.68, 1257.68, 
off Carnac 1. in beam trawl, 9-11.0 m. 757.82, 786.82, 788.82, Rocky Bay, Swan River 
estuary. 

(d) Shark Bay area. 789.82, northern entrance to Herald Bight, sand/shell-grit, 11 
m. 790.82, 21.7 km NNE of Cape Peron, sand/shell-grit, 15.5-16.4 m. 791.82, west of 
Cape Bellefin, soft grey mud, 11 m. 792.82, 10 km NNW of Cape Peron, Posidonia 
beds, 12.8 m. 793.82, 7.5 km NE of Cape Peron, sand, 16.4 m. 794.82, between Capes 

Heirisson and Bellefin, sand and weed, 3 m. 795.82, 5 km ESE of Cape Heirisson, shell- 
coral rubble and “Lithothamnion” nodules, 18 m. 796.82, 20 km SW of Carnarvon, 
shell grit, 16.4 m. 797.82, Bernier Island, 13 km NE of Redcliff Pt, dead shells, rubble 

and sand, 22.5m. 798.82, Dirk Hartog Island (east side), Louisa Bay, sand and Amphibolus 
beds, 1.0-2.5 m. 799.82, Dorre Island, ENE of Castle Point, Posidonia and Amphibolus, 
12 m. 800.82, Dirk Hartog Island, east of Louisa Bay, coarse sand and shell grit, 18 
m. 801.82, Dirk Hartog Island, east of Homestead Point, muddy sand and shell grit, 
10-12 m. 802.82, Dirk Hartog Island, east of Homestead Point, muddy sand and shell 
grit, 12-13 m. 803-82, Dirk Hartog Island, north of Homestead Pt, Posidonia and 
Amphibolus beds with sand and coral rubble, 1-5m. 

2. Fossil records 

(a) Holocene. With the exception of samples from Kwinana, Albany and Hutt Lagoon, 
all Holecene fossil material listed below is from localities within or adjacent to the 
Swan-Canning River Estuary. 

(i) Stratigraphically controlled excavations. 71.70, 71.706, 76.2275, 76.2347, 76.2414, 
76.2498, 76.2558, 76.2616, Point Waylen, Attadale. Dept of Aviation radio transmitter 
site, supratidal samphire flat, brown quartz-carbonate sand overlying grey silty mud, 
0.15-1.20 m below natural ground surface. 72.1402, Ferndale, location 314, sewerage 
excavation at Bannister Creek, lenticular shell bed 4.6 m long, 1.1-1.5 m below LWM. 
70.2369, Beckenham, 3 Wimbledon St, excavation between house and Canning River, 
grey mud, 1.5-3.0 m below ground surface. 76.54, Cannington, Greenfield St., sewerage 
excavation; from spoil pile (brown sandy mud) said to have come from upper level 
of excavation. 76.26, same site, spoil pile (grey sandy mud) said to have come from 
a 3 m cut across channel of Canning River. 82.3129, 82.3147, East Guildford, flood plain 
of the Swan River near Guildford Grammar School, core samples 3 m and 6 m below 
surface, (black mud below 3.0 m). 78.312, East Fremantle, well at HMAS Leeuwin naval 
depot, 1.2-1.5 m below ground surface. 



A new Tellina 187 

(ii) The following 12 samples are from dredge spoil material at nine foreshore 
reclamation sites around the Swan River Estuary between Guildford and Fremantle. 
70.81, Guildford, in pieces of grey, sandy siltstone on Helena River flats adjacent to 
Primary School. 74.1283, Victoria Park, east end of Causeway, north side. 72.510, Perth, 
Narrows Bridge construction site, beside Mounts Bay Rd. 70.2226, 70.2227, South Perth, 
west side of Mill Point. 72.125, Como from Preston and Thelma Sts. 72.2074, Burswood 
Island, Main Roads Dept spoil dump, said to be from Narrows Bridge foundation 
excavations, about 12-24 m below bed of Swan Estuary. 72.2108, same locality, said 
to be from about 0-9 m below bed of Swan Estuary. 70.2299, Attadale, foreshore opposite 
Roberts Rd. 70.1059, Point Walter, 50 m west of jetty. 70.2460, North Fremantle, from 

north bank, between Fremantle Bridge and old railway bridge (since demolished). 

(iii) Other Holocene sources. 69.1121, Kwinana, dredge spoil (shell sand) from 
Cockburn Sound heaped on future site of A.I.S. blast furnace. 69.1262, Hutt Lagoon, 
shore about 1.6 km west from Lynton homestead. 83.377, Albany, dredge spoil from 
Princess Royal Harbour near deep water jetty. 

(b) Pleistocene. All Tamala Limestone. 69.1367, Minim Cove, Mosman Park, site 
of fresh rockfall in calcarenite at western end of outcrop. 69.1432, Minim Cove, Mosman 
Park, in unlithified shelly carbonate sand, middle part of outcrop about 2 m above 
sea level. 77.2112, Minim Cove, Mosman Park, western end of deposit in weakly lithified 
calcarenite, top 1 m of shell bed. 71.34, Myalup, spoil (shelly limestone) from Harvey 
River Diversion Drain in levee bank at “Stonehouse”, 1.7 km west of Old Coast Rd. 
82.2609, Myalup, Harvey River Diversion Drain, north bank, ca. 0.2 km east of Old 
Coast Rd, quartz-carbonate shell sand underlying calcreted limestone, 1-2 m above 
water level. 72.176, bed of the Hill River. 80.1520, Cockleshell Gully, shell bed in hard, 
sandy limestone in side of gully 6 km west from “Padbury” homestead. 65.1084, 
Peppermint Grove, near Scotch College boatshed, shell bed in brown quartz-carbonate 
sand underlying strongly lithified sandy limestone. 79.3117, 79.3118, Kalbarri, north bank 
of Murchison River, opposite town, shell bed in low cliff of horizontally bedded sandy 

limestone, thin band of shells about 3 m above m.s.l. 

Ecology: Within the known living range along the Western Australian coast (lat. 249407 
3495078), Tellina (Tellinides) cockburnensis is associated with fine to occasionally coarse 
substrates, grading from muddy silts to sand, in depths between the shallow sub-littoral 
and 22.5 m. It occurs in sand-seagrass environments with low-to-moderate energy, down 
to recorded depths of 13 m and has been found also to be particularly common in 
the silty to muddy substrates of the central basins (18-22 m deep) of Cockburn Sound 
(Wells and Threlfall, 1980) and also Warnbro Sound, where seagrasses are not known 
to live. 

Chalmer et al. (1976) recorded the present species from within the most seaward 
part of the Swan Estuary (up to 3 km from the mouth), but only as occasional dead 
shells. They considered it to be a temporary resident there, colonizing the "Lower 
Estuary" only in periods of reduced river discharge. Thus the species appears to be 
associated with water of normal marine salinity, and its presence as a Middle Holocene 
fossil in the upper reaches of the Swan-Canning Estuary at localities such as East Guildford 
and Beckenham, up to 30 km upstream from the mouth, points to low levels of river 
discharge at the time of deposition (Kendrick, 1977). The species occurs in the more 
seaward parts of Shark Bay, characterized by well-circulated water close to normal 
marine salinity, and has not been collected from hypersaline environments, such -as 
at Hamelin Pool. 

Most of the Middle Holocene fossil material to hand was obtained from unlithified, 
sandy to muddy sediments within and marginal to the Swan — Canning Estuary, which 
at the time of deposition appears to have possessed the properties more of a marine 
embayment. In this environment, the species appears to have enjoyed optimal conditions 
as it is quite common there and attained the largest recorded size (paratype 71.769, 
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above). The Pleistocene material appears to be associated with depositional 

environments of normal marine salinity, with moderate to low wave energy, on sandy 

substrates formed in the shallow sublittoral. 

DISCUSSION 

In assigning our species to the subgenus Tellinides Lamarck, we have been guided 
by the studies of Afshar (1969), which incorporate a redescription of Tellinides timorensis 
Lamarck, which according to Boss (1969) is a synonym of Tellina sinuata Spengler, 1798. 
Salient characters of Tellinides are, (1) the subrectangular to subelliptical shape with 
a weak flexure and roundly truncated posterior, (ii) the small, divergent cardinals, two 
in each valve, (iii) a right anterior lateral tooth, which is close to the cardinal complex, 

other laterals being absent or obsolete, (iv) the large pallial sinus, which is similar in 

both valves and which approaches close to the anterior adductor scars, (v) the sub- 

equal adductor scars, of which the anterior is more elongate and (vi) sculpture of 

fine transverse striae only. In T. sinuata, the umbones are located a little anterior of 

centre and Afshar (ibid.) suggested this asa character of subgenericsignificance. However 
in the present species and several others referred to below, the umbones are located 
slightly posterior of centre and we consider that the subgeneric diagnosis should 
accomodate this variation. 

Comparison of Tellina (Tellinides) cockburnensis with other described species from 
the Indo-South West Pacific Region indicates that the greatest morphological 

resemblance lies wth T. (T.) prismatica Sowerby from the east coast of southern Africa 
(sensu Kilburn and Rippey, 1982 p. 182, pl. 42, fig. 6, text fig. 173, non Boss, 1969). 
In general proportions, the two species are not dissimilar but the Australian species 
is shorter relative to height and is more noticeably flexed. With a maximum recorded 
length of 24 mm, T. (T.) prismatica appears not to attain the size of T. (T.) cockburnensis. 
In both species, the beaks are located posterior of centre, though less so in the present 
species. Other differences which distinguish T. (T.) cockburnensis from T. (T.) prismatica 
are (1) the stronger nymph, (ii) the anterior lateral of the right valve being more remote 
from the cardinals, (iii) the right posterior is more emphatically bifid and (iv) the cardinals 
are stronger. The pallial sinus is less elevated in the present species but in other internal 
characters the two are comparable; sculpture similar on both species. T. (T.) prismatica 
is coloured a deeper shade of pink and lacks the orange internal colours and marked 
opaline lustre of T. (T.) cockburnensis. 

From an examination of the syntypes of Tellina prismatica Sowerby, Kilburn and 

Rippey (ibid.) concluded that Boss' (1969) applications of that name and T. natalensis 

Philippi were applied incorrectly. The two species are superficially similar. In the usage 

of Kilburn and Rippey, T. (T.) natalensis has a strong, relatively remote right anterior 

lateral and a pallial sinus that reaches the anterior adductor scar, characters which 

distinguish it from both T. (T.) prismatica and T. (T.) cockburnensis. 

Compared with T. (T.) sinuata Spengler, the type species of Tellinides (see Afshar, 

1969, pp. 28, 29, pl. 4, figs 5-9 and Boss, 1969:130), the present species is more inequivalve, 

smaller and more fragile, shorter relative to height, with a stronger posterior flexure 

and umbones located posterior of centre. The colour of T. (T.) sinuata is white. From 

T. (T.) ovalis Sowerby, our species has a more truncate, less rounded posterior margin, 

a stronger posterior flexure and a smaller size. It lacks the radial colour pattern of 

T. (T.) ovalis and is a paler shade of pink. 

With beaks located posterior of centre, T. (T.) cockburnensis and the African species 

referred to above resemble to a degree the southern Australian species Tellina deltoidalis 

Lamarck and Tellina imbellis Hanley, both of which were referred to the subgenus 

Macomona Finlay by Ponder (1975). Of these, T. (T.) cockburnensis more closely 

resembles T. (T.) imbellis, differing in being higher relative to length, in having a stronger 
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posterior flexure, a longer erect nymph and in the absence of an internal posterior 
rib. The right anterior lateral is stronger and more remote in our new species and 
the two differ markedly in colour, imbellis being a pale yellow to white, devoid of 
iridescent lustre. 

Modern distribution datat for T. (T.) cockburnensis indicate two principal population 
centres, one in Warnbro-Cockburn Sounds near Fremantle, the other in the Shark Bay 
area. This strongly clustered distribution may reflect the absence of suitable intermediate 
habitats for the species and contrasts with the more generalized Quaternary fossil 
distribution, which shows seven known areas of occurrence between Kalbarri and Albany 
(Fig 1). To date, no fossil specimen of the species has been obtained from the Shark 
Bay area, despite extensive collecting (by G.W.K.) from the richly fossiliferous Dampier 
Formation and other Quaternary deposits of the district. This suggests that T. (T.) 
cockburnensis may be a relatively recent (i.e., post-Pleistocene) immigrant to the Shark 
Bay coast from waters further south. 

The present species appears to stand in geographic and systematic isolation from 
congenors in the Australian region. The wide-ranging Indo-West Pacific T. (T.) ovalis 
occurs in northern Australia south-ward in Western Australia to about the Dampier 
Archipelago, 400 km north of the nearest population of T. (T.) cockburnensis in Shark 
Bay. Resemblance with the southern African T. (T.) prismatica is not strong and may 
due to convergence; any suggestion of a direct, phylogenetic relationship between 
the two species, though plausible, would need to be substantiated. The oldest known 
fossil occurrences of T. (T.) cockburnensis are from beds of late Middle Pleistocene 
age (Hevvgill et al., 1983) at Peppermint Grove and Myalup (east) and reveal little about 
the derivation of the species. The absence hitherto of any fossil record for the subgenus 
(according to Keen in Moore, 1969) suggests an evolutionary origin for the group during 
the Pleistocene. Boss (1969) considers Tellinidella Hertlein and Strong, Recent, Eastern 
Pacific, to be “a distant offshoot of the Tellinides lineage". 
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ABSTRACT 
General protein patterns revealed by isoelectric focussing support the view 

that K. scalarina, K. rhytiphora and K. peroni are distinct and valid species. 
Differences were revealed when the middle mantle folds of the three species 
were compared using SEM. Comparison of monthly gonad indices for the three 
species indicated distinct spawning periods with some overlap. K. rhytiphora spat 
were found bysally attached to live and empty adult shells in Oyster Harbour 
during March and April 1979. Zonation patterns of the three species showed 
considerable overlap, with K. rhytiphora and K. peroni occupying almost identical 
zones and K. scalarina extending higher up the shore. 

INTRODUCTION 
The genus Katelysia includes some of the most numerically abundant and productive 

shallow water suspension feeding bivalves along the south coast of Australia where 
it is frequently the major or dominant faunal component of shallow estuarine and 
marine embayments (Wells & Roberts, 1980; Wells & Threlfall, 1980; Coleman, 1982). 
Large fossil deposits of shells suggest that it has held this position for some time. At 
present members of the genus are distributed from Augusta, Western Australia in the 
west to Port Jackson, New South Wales in the east although formerly their distribution 
extended further northwards on the west coast as evidenced by extensive Pleistocene 
marine deposits on Rottnest Island (Nielsen, 1963). Their present distribution is believed 
to have resulted from geological changes over the last 4 to 5 thousand years. 

Known colloquially as cockles, they are however venerids not cardiids, Katelysia 
densities may locally be very reduced due to human exploitation for food or fish bait. 
Although clearly illustrated and described by Cotton (1961) the three southern Australian 
species K. scalarina (Lamarck, 1818), K. peroni (Lamarck, 1818) and K. rhytiphora (Lamy, 
1935) as K. corrugata (Lamarck, 1818) are not easily separated in samples from certain 
localities. Despite these systematic problems and its ecological and geological importance 
the genus has received scant attention over recent years. Nielsen (1963) was forced 
to omit K. peroni from her studies of Katelysia systematics because of limited material 
although she did provide useful information on synonyms, distributions and shell 
characteristics of this species. 

The present report is a biological appraisal of Katelysia species based on a study, 
over one year, of populations in King George Sound, Western Australia and of occasional 
samples from other localities. 



192 D. Roberts 

MATERIALS AND METHODS 
Investigations were of four types: 

1) Electrophoresis 
Samples of whole Katelysia taken from Seine Bay, Augusta (34? 19'S, 115? 9'E), Oyster 

Harbour and Princess Royal Harbour, Albany (34° 57'S, 117° 54'E) Western Australia, 
and Great Bay, Bruny Island (43° 21'S, 147° 18'E) Tasmania were frozen and brought 
to Belfast via Sydney on dry ice in an insulated container. All samples were collected 
in July and August 1979. Individual entire soft tissues were homogenized with a few 
drops of Tris-HCI buffer to extract proteins. After high-speed centrifugation sample 
supernatants were subjected to polyacrylamide gel (PAG) iso-electric focussing for 1 
h on a pH gradient of 3.5-9.5 at 25 watts. Gels were then fixed and stained for general 
proteins using Coomassie blue. Banding patterns were compared and bands counted. 
These were used to calculate coefficients of similarity (Sm) for the three species where 

Sms. number of bands of common mobility (Ferguson, 1980) 
maximum number of bands in an individual 

2) Anatomy 

Internal features of several preserved specimens were compared after removal of 

the left valve. Certain differences between the posterio-ventral mantle margin soon 

became apparent during these dissections and portions of this region of the mantle 

were fixed in 4% glutaraldehyde (2 parts) and 1% OsOs (1 part) for scanning electron 

microscopy (SEM) and processed routinely by alcoholic dehydration and critical point 

drying. Specimens were then mounted on aluminium stubs, coated with gold and 

examined on an 1.51. Super Mini Scanning Electron Microscope (SEM) operating at 

15 Kv. 
3) Seasonal Population and Reproductive Changes 

At approximately monthly intervals from September 1978 to August 1979 samples 

of Katelysia were taken from sites close to the pier at Albany in Princess Royal Harbour 

and Emu Point in Oyster Harbour. Samples were collected at low tide by sieving through 

a 2 mm mesh sieve, the top 8-10 cm of sediment from approximately the same region 

of the shore just below low water level where maximal overlap of species generally 

occurred (Wells & Roberts, 1980: Wells & Threlfall, 1980). Samples were fixed in 10% 

formalin. Subsequently shell length was measured to the nearest 0.1 mm using sliding 

vernier calipers and the gonad was removed for histological examination. Population 

size frequency distributions were constructed from the shell-length data. Reproductive 

tissues were dehydrated and embedded in paraffin wax, sectioned at approximately 

84 and stained in haematoxylin and eosin and examined microscopically. This enabled 

the gonad of each individual to be assigned an arbitrary numerical value from 0 for 

undifferentiated or spent gonads, to 4 for fully ripe gonads (Fig. 1). The average of 

these values for each sample gives a gonad index which is a useful guide to the 

reproductive state of bivalve population at any time (Seed & Brown, 1975). The sampling 

procedure resulted in unequal sample sizes for the different species. These ranged 

from as low as 5 for some samples of K. rhytiphora to as high as 200 plus for some 

samples of K. scalarina, a reflection of the relative proportions of the different species 

at the sampling points. Entire samples were used for size frequency distributions but 

smaller, more comparable sample sizes (between 5 and 20) were used for estimation 

of gonad indices. 

4) Distribution 

The vertical zonation of different Katelysia species at single sites in Princess Royal 

Harbour and Oyster Harbour are reported elsewhere (Wells & Roberts, 1980; Wells 

& Threlfall, 1980) and information from these sources pertinent to the present study 

is summarized below. Since the different Katelysia species showed considerable vertical 

overlap in distribution random samples were taken at selected sites in Oyster Harbour 

and Princess Royal Harbour for information on horizontal distribution of the three 

species. 
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RESULTS 
1) Electrophoresis 

Fig. 2 illustrates the results of isoelectric focussing experiments using PAGs on 
homogenized entire specimens of Katelysia. Some banding features were fairly consistent 
for each species, notably the pair of bands aşa? for K. scalarina and the three bands 
X4X9x3 for K. peroni. As the samples had been frozen for some time (up to 2 years) 
before electrophoresis and may have shown some deterioration in storage the maximum 
Sm values for each compared pair were taken as the most reliable values for the data 
obtained (Table 1). Nevertheless, useful comparisons may be drawn from the data 
presented in dendrogram form (Fig. 3). Interspecific comparisons suggest that K. 
rhytiphora and K. peroni are more closely related to one another than to K. scalarina. 
Intraspecific comparisons suggest that K. peroni from Oyster Harbour and Princess 
Royal Harbour are more genetically similar than those from Bruny Island, Tasmania 
reflecting their geographical proximity (Fig. 3). However, data from K. scalarina suggest 
greater affinities between geographically distant rather than close populations (Fig. 3). 
Katelysia from Augusta, which were described on conchological evidence as K. scalarina 
polita by Nielsen (1963), have banding patterns (Fig. 2 & 3) more closely resembling 
those of K. scalarina than either K. rhytiphora or K. peroni. 

2) Anatomy 

No gross anatomical differences were obvious on dissection of the three Katelysia 
species. However, microscopic examination revealed a more complex appearance of 
the mantle margin in K. scalarina than in the other species. This is clearly seen in 
SEM preparations of the mantle margin of the three species (Fig. 4). In all three species 
the middle mantle fold terminates posteriorly in a protrusion near the siphons. Protrusion 
development is least in K. peroni which has irregular marginal processes (Fig. 4a) and 
greatest in K. scalarina which has regular tentacular marginal processes 3-400, m long 
(Fig. 4c). In K. rhytiphora the protrusion is somewhat intermediate. between these 
conditions in having short (2-3004 m) regular marginal processes (Fig. 4b). The ventral 
part of the middle mantle fold has no major processes in either K. peroni or K. rhytiphora 
(Fig. 4d, e) but in K. scalarina the processes seen on the posterior mantle protrusion 
extend a short way anteriorly along the inner mantle fold, becoming more irregular 
and smaller as they do (Fig. 4e). Anteriorly, close to the anterior adductor muscle all 
three species bear processes on the middle mantle fold and these show species 
differences similar to those on the posterior part, being best developed in K. scalarina 
and least devleoped in K. peroni. 

3) Seasonal Population and Reproductive Changes 

Size frequency distributions were based on variable and sometimes very small samples 
and must be interpreted with caution. Largest samples throughout were for K. scalarina 
from Princess Royal Harbour and for several months from November 1978 to June 
1979 this species showed bimodal samples indicative of two size (and presumably age) 
classes (Fig. 5). The growth of these size classes is indicated by lateral shift of the model 
peaks which appear to have merged by July 1979. In August 1979 the start of a new 
recruitment phase is suggested by the presence of a small peak representing animals 
= 1cm long. The sample for September 1978 is considered inadequate because sampling 
did not involve sieving and so would have tended to miss small animals. Monthly sample 
sizes for K. rhytiphora from Princess Royal Harbour were generally small but the major 
peak throughout the study period represented animals between 3 and 4.5 cm shell 
length and no major influx of small animals was recorded. Although sampling was 
not started until February 1979 the situation in Oyster Harbour appeared almost to 
be the reverse with K. scalarina showing unimodal samples throughout. In K. rhytiphora, 
however, an influx of small individuals in March and April 1979 which possibly resulted 
from the spawning before October 1978 resulted in bimodal samples during the latter 
half of the study period. 
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Monthly gonad indices (Fig. 6) suggest differences between species and localities. 
The Princess Royal Harbour populations of K. scalarina showed a clear spawning period 

between April and June 1979 and, although not so marked, there was some evidence 
of spawning during the period in the Oyster Harbour population of this species (Fig. 
6). Gonad indices for K. rhytiphora from Oyster Harbour pointed to a major spawning 

before October 1978. In Princess Royal Harbour gonad indices for K. rhytiphora were 

increasing between September 1978 and January 1979 which also suggests previous 

spawning. The irregular samples of K. peroni taken during the study period do not 

offer an adequate data base for any firm conclusions about periods of spawning in 

this species. However, gonad indices for K. peroni were declining between September 

and January in Princess Royal Harbour and between January and July in Oyster Harbour. 

4) Distribution 

The considerable overlap in vertical distribution of the three species of Katelysia 

is clearly illustrated in Fig. 7. K. scalarina extends slightly higher up the shore than 

the other species which appear to occupy similar vertical ranges (Fig. 7). Differences 

in zone position between the two sites may have arisen from topographical differences 

as Katelysia was found exposed more frequently in Oyster Harbour than in Princess 

Royal Harbour. Katelysia densities in the zones of maximal species overlap ranged from 

about 100 to 500 m”. Relative proportions of the three species (Fig. 8) of Katelysia 

indicate that K. scalarina is the most abundant species in Princess Royal Harbour while 

K. rhytiphora tends to be more common in Oyster Harbour. Small numbers of K. peroni 

occur sporadically in both harbours. 

DISCUSSION 

The application of electrophoretic techniques to bivalves has, in the majority of recent 
studies, been aimed at elucidating intraspecific protein polymorphisms (Murdoch, 
Ferguson & Seed, 1975; Levinton & Koehn, 1976; Ahmed, Skibinski & Beardmore, 1977; 
Morgan, Block, Ulanowicz & Buys, 1978; Beaumont, Day & Gage, 1980; Beaumont, 
1982). In a few cases, however, electrophoresis has been used to separate closely related 
bivalve species and to investigate their degree of overlap (Pesch, 1974; Brock 1978; 
Skibinski & Beardmore, 1979; Hornbach, McLeod, Guttman & Seilkop, 1980; Gosling 

& Wilkins, 1981). Davis (1983) ranks the relative value of taxonomic data sets for North 
America unioids as follows; allozyme data > comparative anatomy > conchology. 
Although comparisons based on total protein pattern are not as useful as those based 
on locus-by-locus analyses (Ferguson, 1980) they do offer additional, possibly more 
objective, information to conchology and comparative anatomy for assesing taxonomic 
relationships. General protein patterns of Katelysia samples from a variety of localities 

lend support to the view that the three described species are distinct and valid. Despite 

its distinct shell form the sub-species polita described by Nielsen (1963) can be confirmed 

as K. scalarina but no comment on its degree of separation or whether it merits sub- 

specific status may be made without more detailed study. 

Differences in shell morphology between the three species K. scalarina, K. rhytiphora 
and K. peroni are described by Cotton (1961). Where whole animals are difficult to 
separate on shell characteristics alone they may be distinguished by differences recorded 
above in the middle mantle fold. The middle fold of the mantle edge in bivalves is 

largely receptive in function (Yonge, 1957) and it may be assumed that tentacle 

development reflects the degree of marginal sensory development. Ansell (1981) has 

reported differences in tentacle development on the middle mantle fold between two 

species of Donax from South Africa but offered no possible reasons for these differences. 

Since fertilization in bivalves is predominantly by gamete broadcast, reproductive 

isolation in closely allied sympatric species is frequently maintained by seasonal 

differences in their reproductive cycles. This has been well demonstrated by Seed (1971) 
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for populations of M. edulis and Mytilus galloprovincialis Lamarck from south western 
England. Although they overlap, the autumn/winter spawning period of K. scalarina 
and the winter/spring spawning period of K. rhytiphora seem sufficiently different to 
minimize the possiblity of hybridization. No great reliance can be placed on the proposed 
spring or late summer spawning periods of K. peroni as they are based on very small 
samples. However, the available data point to a spawning period distinct from those 
of the other two species. By contrast Nielsen (1963) found that in Mornington, Victoria 
the major spawning periods for K. scalarina and K. rhytiphora were September-October 
and September-November (spring) respectively with K. rhytiphora showing a second 
large spawning in March. Despite this large overlap in the spawning periods, laboratory 
attempts to hybridize the two species were unsuccessful so that there are probably 
physiological barriers which prevent thier interbreeding (Nielsen, 1963). Taken together 
with available population data the spawning patterns suggest that in Princes Royal 
Harbour recruitment levels for K. rhytiphora are low while those for K. scalarina are 
relatively high whereas in Oyster Harbour the situation is reversed. These observations 
partly explain why K. rhytiphora is more common in Oyster Harbour. Population size 
frequency data presented by Coleman (1982) for K. rhytiphora in Western Port, Victoria 
point to low level recruitment, mainly between December and March. This is after 
the major spawning period proposed by Nielsen (1963) for Mornington, Victoria. In 
Oyster Harbour K. rhytiphora spat appear in March and April byssally attached to the 
adults. Recruitment in K. peroni is probably low in both harbours. as evidenced by 
its uncommonness and the absence of small individuals in samples of this species. 

Distributional information given by Nielsen (1963) and supported by personal 
observations indicate that although all three species occur, at varying relative densities, 
in suitable habitats along almost the entire southern coast of Australia, K. rhytiphora 
and K. peroni reach their western limits in Princess Royal Harbour. Further westwards 
the populations of K. scalarina are exclusively of the shell form described by Nielsen 
(1963) as K. scalarina polita. 

The three species of Katelysia seem to have very similar habitat requirements viz. 
shallow, sheltered soft bottoms. Such situations are common in numerous embayments 
along the southern coast of Australia and typically harbour populations of Katelysia 
species. One feature of these embayments is that they may, periodically, be cut off 
from the open sea as a result of the formation of sand bars by accumulated sediments 
at their openings (Hodgkin, pers. comm.). Under such circumstances a combination 
of the founder effect and changing environmental conditions could lead to fairly rapid 
genetic change. The majority of the resultant populations would not survive if the 
sand bars remained closed and genetic adaption could not keep pace with the ensuing 
environmental changes. However, if contact with the main Katelysia populations were 
restored (by opening of the sand bars) these trends would be reversed but with the 
possibility of effecting gene pool changes. A high level of intraspecific variation is 
indicated by electrophoresis (pers. obs.). Thus the genus Katelysia in southern Australia 
is comprised of opportunist (r-selection type) species ideally suited to exploit the 
variable environmental conditions in the region. Its success is reflected both in that 
it is often the major or only colonist of coastal embayments and in maintaining this 
dominant role where diverse communties become established. The present prelimary 
work demonstrates the need for a more detailed study of the genus Katelysia in Australia 
to clarify the problem outlined above. Such a study would, of necessity, be long term 
(say 5 years) in order to establish precise population and reproductive cycles and should 
ideally include physiological tolerance studies. In this context Oyster Harbour -and 
Princess Royal Harbour provide the ideal localities as they contain breeding populations 
of the three known species at the distributional limits of two of them. 
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Table 1. Coefficients of similarity (S „) between samples of Katelysia species from different 
localities in southern Australia. Data shown are maximum values obtained from several 
tests using isolectric focussing on PAGs and staining for general proteins. 

Species K. scalarina K. rhytiphora K. peroni 

Species Source Tas. О.Н. P.R.H. Aug. Tas. О.Н. P.R.H. Tas. O.H. P.R.H. 
K. scalarina Tas. 0.75 0.571 0.643 0.471 — = = — — — 

O.H. 0.636 0.539 0.677 — 0.455 — z22208080:231 
P.R.H. 0.632 0.529 — = 0375 — — 0,389 
Aug. 0.667 

K. rhytiphora Tas. ҹу. — — — — — 
O.H. 0.714 0.476 — Osi 

P.R.H. 0.560 — — 0.524 
K. peroni Tas. N.V. 0.556 0.5 

O.H. 0.385 0.667 
P.R.H. 0.412 

Key: Tas. — Great Bay, Bruny Island, Tasmania; O.H. — Oyster Harbour, W.A.; P.R.H. 
— Princess Royal Harbour, W.A.; Aug. Augusta, W.A; N.V. — no value. 
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Fig. 1 Photomicrographs of sections of K. rhytiphora gonads stained with haematoxylin 

and eosin and showing some of the arbitrary numerical values assigned to various 

stages. No distinction was made between developing and regressing gonads. (a) Fully 

ripe female (stage 4). (b) Fully ripe male (stage 4). (c) Half spawned female (stage 3). 

(d) Three quarters spawned male (stage 2). (e) Female gonad nearing the end of spawning 

(stage 1). (f) Completely spent gonad of uncertain sex (stage 0). Scale = 500 um. 
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Fig. 2 General protein patterns of whole extracts of Katelysia species from southern 

Australia as separated by isoelectric focussing on a pH gradient 3.5-9.5 (highest pH 
at top of photograph). A) Sympatric samples from Oyster Harbour of K. scalarina 1,2,3, 
K. rhytiphora 4,5,6 and K. peroni7,8,9. B) Allopatiric samples of K. scalarina from Princess 
Royal Harbour, Western Australia 10, Bruny Island, Tasmania 11, Oyster Harbour, Western 
Australia 12 and Augusta (- K. scalarina polita Nielsen, 1963), Western Australia 13. 
a, a,, bands of common mobility in K. scalarina; x,, X,, X, bands of common mobility 
in K. peroni. 
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Fig. 3 Phenogram showing proposed relationships, b 

between species of Katelysia from Oyster Harbour (1), 

Augusta (3), Western Australia and Bruny Island, Tasmania 

constructed by unweighted pair group arithmetic average (UPGMA) cluster analysis. 

WAL LM 

Fig. 4 S.E.M.s of the middle mantle folds of Katelysia species showing the posterior 

regions (d, e, f) and their protrusions (a, b, c) in K. peroni (a, d) K. rhytiphora (b, 

e) K. scalarina (c, f). Scale = 2504m. 
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Fig. 6 Reproductive cycles and proposed spawning periods of Katelysia species from 

Princess Royal Harbour and Oyster Harbour, Western Australia 1978-79. The gonad 

index and the percentage of ripe and spent animals for each monthly sample are shown 

( spent or stage 0, Oo ripe or stage 4, major spawning, minor spawning). 
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Fig. 7 Zonation patterns of Katelysia species in A) Oyster Harbour (site 7, Fig. 8) 
and B) Princess Royal Harbour (site 1, Fig 8) relative to tidal datum. (Date based on 
Wells & Roberts, 1980 and Wells & Threlfall, 1980. 
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Fig. 8 Relative proportions of K. scalarina С) , K. rhytiphora and K. peroni 
at selected sites in Oyster Harbour and Princess Royal Harbour, Western Australia. 



BOOK REVIEW 

Endodontoid Land Snails from Pacific Islands (Mollusca:Pulmo- 
nata: Sigmurethra). Part Il. Families Punctidae and Charopidae, 
Zoogeography. By Alan Solem. Chicago, Field Museum Press, 1982. 
336pp., 143 figs., 76 tables. 

The first volume in this set (Part I. Family Endodontidae) appeared in 1976. Although 
the basic descriptive work for the second volume was completed in 1969, another 
13 years elapsed before publication. Much of this time was spent refining the manuscript 
through the addition of extensive data derived from scanning electron microscopy 
as well as important information on extralimital taxa. Final editing was concluded in 
1978. 

Completion of the second volume concluded a project started by the author in 1960, 
which sought to review the endodontoid land snails of Polynesia, Micronesia and Fiji. 
Together the two monographs are based on the analysis of more than 26,000 specimens 
and review 290 species level taxa belonging to more than 45 genera. Of these, 84 
per cent of the genera and 54 per cent of the species described are new. These figures 
give some quantitative measure of the scope and detail of the work involved in the 
compilation of the two volumes. 

The reports are based largely on collections in the Bernice P. Bishop Museum, 
Honolulu. Much of the material was amassed by the late C. Montague Cooke Jr. in 
a lifetime of effort, and as the author readily admits, the success of the project was 
possible only because of work done by Cooke and Yoshio Kondo, who assisted with 
the collecting and prepared illustrations of many of the species. A number of his 
illustrations were used in the first volume. 

Part Il reviews 98 species level taxa. As was the case with Part l; the presentation 
is excellent. In a preliminary to the systematic review, the author details the methods 
of analysis and presents detailed discussion on the variation in morphological characters 
(hard and soft parts) which is exhibited in members of the two families reviewed. The 
narrative is supported by excellent figures and tables and will enable other workers 
to indulge in the luxury of making critical evaluations of the author's conclusions from 
the data presented. 

The systematic review consists of detailed diagnoses of the taxa and in the case of 
species level taxa which display problematic intraspecific variation, a description of 
the holotype. Where possible, all soft parts viewed have been meticulously described. 
The accompanying drawings demonstrate the value of an excellent biological illustrator, 
or as is the case here, illustrators. Tables are liberally used to provide quantitative 
support for the conclusions presented in the text. Anatomical data on a number of 
extralimital taxa are also given where these are critical to the understanding of overall 
relationships. 

Finally a zoogeographic analysis of all three families covered in the two volumes 
is given. 

In dealing with the Punctidae and Charopidae, the author was well aware that these 
two families have their main centres of diversity elsewhere. Lack of comprehensive 
work on these groups in other areas precluded a complete coverage. Nevertheless 
the assignment of subfamilial and generic units for the Pacific Island Study necessitated 
the dissection of more than 75 extralimital species. The data from this work were 
presented in a number of other publicatons by the author, and are often referred 
to in the two volumes. However no attempt is made to present an overall classification 
of the Charopidae due to the many gaps in our knowledge of the group. 

It is not possible to consider this work on its own as it is so intertwined with Part 
l. Yet it stands on its own, as a further monument to a Malacologist, who is following 
in the high traditions begun by workers such as H. Pilsbry and H.B. Baker in setting 
new standards of excellence which can only serve as an inspiration to others. From 
a more practical viewpoint, completion of Part II provides the necessary base from 
which to pursue the study of the Charopidae in the Australian region. 

J. Stanisic 
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